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Abstract 


The  current  rapid  expansion  of  the  Western  Canadian  coal 
mining  industry  will  include  the  extraction  of  steeply 
dipping  seams  in  the  foothills  and  mountain  region, 

A  computer  model  has  been  developed  to  investigate 
induced  stresses  in  various  sub-level  mining  configurations. 
It  utilizes  a  linear  elastic  finite  element  analysis  and 
provides  graphical  output  to  identify  stress  concentrations 
and  possible  areas  of  instability.  The  results  from  the 
numerical  analysis  were  compared  with  a  physical  model 
analysis  and  observations  in  operating  mines,  and  were  found 
to  be  compatible.  Zones  of  high  stress  concentration  and 
areas  suitable  for  future  development  were 
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1.  Introduction 


1 . 1  Coa 1  Reserves 

Western  Canada  produces  approximately  ninety  percent  of 
total  Canadian  coal  output  but  of  this  less  than  ten  percent 
is  by  underground  methods.1  Table  1  indicates  the  present 
estimated  reserves  and  Figure  1  shows  their  distribution.2 
Approximately  eighty-five  percent  of  the  high  grade,  low 
sulphur  coking  reserves  of  the  mountain  region  of  Alberta 
are  mineable  by  underground  methods  and  the  remainder  by 
open-pit.  Since  reserves  in  the  mountain  region  accessible 
by  surface  methods  are  rapidly  being  depleted,  underground 
reserves  and  consequently  underground  methods  will  become 
more  important.  Up  to  seventy  percent  of  the  valuable  coking 
coal  reserves  of  western  Alberta  and  northeastern  British 
Columbia  are  contained  in  the  steeply  dipping  seams  of  the 
foothills  and  mountain  region.  This  region  is  characterized 
by  a  high  degree  of  tectonic  disturbance  leading  to  shear 
zones  in  the  coal,  slickensided  surfaces  in  the  adjacent 
strata  and  thrust  faults  at  low  angles  to  bedding  throughout 
the  coal  series.  The  seams  tend  to  be  unstable  and  consist 
of  bands  of  hard  and  soft  coal;  this  banding  is  due  in  part 
to  the  petrographic  composition  and  also  to  the  tectonic 
history  of  the  seam. 
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1.2  Available  Technology  for  Extraction  from  Tectonically 
Disturbed  Seams 


Current 

production 

by 

the  underground 

mining 

of 

tectoni ca 1 ly 

di sturbed 

seams 

in  western 

Canada 

is  1 imi ted 

because  until 

recent ly 

the 

relatively 

easy 

access 

to 

supplies  of  high  quality  coking  coals  in  other  countries 
restricted  the  development  of  the  mountain  region.  However 
with  depletion  of  other  reserves  the  western  Canadian  seams 
become  economically  more  favourable.  The  room  and  pillar 
mining  method  is  the  most  common  and  is  practiced  at  the 
McIntyre  Mines  Ltd.  Grande  Cache  operation  and  was  practiced 
at  Coleman  Collieries  operations  in  southern  Alberta  until 
their  recent  closure.  Continuous  miners  are  used  for 
development  and  production3  and  belt  conveyors  for 
underground  transportation  of  the  coal.  The  room  and  pillar 
technique  is  suited  only  to  gently  dipping  seams  and  if 
there  is  considerable  tectonic  disturbance  in  the  coal  and 
adjacent  strata,  large  pillars  and  a  thick  coal  floor  have 
to  be  left  which  decrease  overall  recovery  rates. 

Mechanised  longwall  mining  has  not  been  operated  in 
western  Canada  although  McIntyre  Mines  experimented  with 
this  technique.  Longwall  mining  in  inclined  thick  seams  is 
practiced  successfully  in  the  Blanzy  coalfield  in  France.4 
Combinations  of  shield  supports,  artificial  roofs  and  coal 
caving  are  utilised.  Longwall  methods  are  used  in  the  United 
States  and  have  been  investigated  for  application  to  thick 


seams . 
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The  third  technique  currently  used  underground  is 
sub-level  caving.  This  is  practiced  in  the  Loire  and 
Auvergnes  coal  fields  in  France  and  at  the  Michel  colliery 
in  the  Crow's  Nest  Basin  in  southeastern  British  Columbia.6 
The  French  practice  a  horizontal  slicing  method  with 
sub- level  caving  of  an  intermediate  slice  of  coal.  This 
method  allows  the  mining  of  very  irregular  steep  seams  with 
good  results  and  proceeds  down  dip  with  caving  occurring 
above  the  worked  slice.  Other  techniques  working  up  dip 
include  hydraulic  stowing  of  the  mined  out  area  to  improve 
stability  and  reduce  the  risk  of  spontaneous  combustion..  At 
the  Michel  colliery  operated  by  Kaiser  Resources  Ltd. 
sub- level  hydraulic  mining  is  used.  This  replaced  a  more 
conventional  drilling  and  blasting  sub- level  mining 
technique.  Sub- level  blocks  or  panels  are  developed  with 
continuous  miners  and  these  are  subsequently  extracted  by 
hydraulic  monitors.  Coal  transportation  is  also  by  water 
through  pipes  and  flumes  on  the  roadway  floors.  This  method 
has  proved  to  be  safe  and  productive  increasing  the  overall 
recovery  rate  from  fifteen  to  fifty-five  percent.  Because  of 
the  success  of  this  technique  in  western  Canadian 
conditions,  and  the  growing  interest  in  sub  level  hydraulic 
mining,  it  was  decided  to  concentrate  the  research  on  this 
mining  method. 
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1 . 3  Research  Methods 

The  design  concepts  used  in  this  research  project 
utilise  accepted  mine  analysis  and  planning  techniques. 
Because  of  the  temporary  nature  of  many  mine  excavations 
(e.g.  production  sub- levels)  design  and  planning  is  aimed  to 
obtain  the  most  cost  effective  solution  for  the  excavation's 
projected  life.  Thus  an  excavation's  cost  will  not  only 
include  the  ground  breakage  and  support  costs  but  also 
maintenance  to  Keep  it  in  such  a  condition  that  operations 
can  continue.  This  requires  an  optimisation  of  initial 
support  costs  against  maintenance  costs  and  often  leads  to  a 
minimum  of  support  and  an  allowance  for  maintenance  during 
the  life  of  the  excavation.  In  contrast  Civil  Engineering 
structures,  for  example,  which  are  normally  of  a  more 
permanent  nature,  (e.g.  road  tunnels)  are  designed  with  long 
term  stability  as  an  objective,  and  as  a  result  may  require 
greater  detail  in  design  and  analysis.  This  level  of  detail 
is  rarely  required  in  mine  design  because  of  the  flexibility 
in  choice  of  geometry  and  the  possibility  of  solving  local 
instability  problems  by  additional  support  which  maybe  of  a 
temporary  nature.  In  consequence  the  research  and  design 
techniques  utilised  in  mining  and  civil  engineering  are 
often  similar  (e.g.  mathematical  modelling)  but  the  depth 
and  detail  of  a  pre-mining  engineering  study  may  be  of  a 
lesser  degree. 

A  further  problem  encountered  in  deep,  underground 
mining  is  the  variation  in  rock  properties  with  depth  and 
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from  to  place  to  place.  Exploration  drilling  cannot  provide 
enough  detail  to  define  all  geological  structures 
underground.  Also  sampling  and  physical  property  testing 
procedures  cannot  completely  define  the  behaviour  of  the 
rock  materials.  Therefore  any  research  must  recognize  and 
work  within  the  limits  of  the  data.  In  the  research  program, 
which  is  the  subject  of  this  thesis,  little  initial  data  was 
avai Table  ^  so  the  analytical  techniques  utilise  simplifying 
assumptions  which  will  be  described  as  they  are  encountered. 


2.  Factors  Influencing  Mine  Model  Design 


2 . 1  Geo  logical 

The  main  geological  factors  influencing  mineability  and 
choice  of  mining  method  are  related  to  the  geometry  of  the 
deposit,  the  nature  of  the  surrounding  strata  and  the 
petrographic  composition  of  the  coal.  For  this  study  which 
is  concerned  with  steeply  dipping  seams  it  has  been  assumed 
that  seam  inclination  is  greater  than  25°  and  that  therefore 
conventional  room  and  pillar  or  longwall  mining  is  not 
possible.  Also  it  can  be  assumed  that  seam  thickness  is 
sufficient  to  permit  economic  extraction  by  sub- level 
hydrau lie  mining. 

The  lithology  of  the  mountain  formations  is  generally 
comprised  of  thin-  to  thick-bedded  sandstones,  siltstones, 
mudstones  and  shales  with  interbedded  coal  seams.7  The  fine 
to  coarse  grained  elastics  vary  in  colour  from  light  grey  to 
black.  The  coal  seams  of  the  Kootenay  Formation  of  southern 
B.C.  are  remarkable  for  their  thickness  and  continuity. 
Thicknesses  vary  up  to  fifty  feet  of  coal  and  more  than 
thirteen  seams  greater  than  four  feet  in  thickness  have  been 
identified.  In  other  formations  in  the  foothills  region 
( Luscar ,  Commotion,  Gething)  seams  tend  to  be  less 
continuous  due  to  the  lensing  nature  of  the  coal  bearing 
beds,  and  because  of  the  complexly  folded  and  faulted 
structure  of  the  foothills  strata.  As  is  to  be  expected  in 
an  area  of  such  structural  disturbance  the  seams  are 
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normally  steeply  inclined  and  in  some  instances  severely 
contorted,  thickened  or  thinned,  cut  off  by  faults,  and  the 
coal  so  severely  crushed  as  to  make  it  extremely  friable.  In 
other  instances,  however,  these  structures  have  so  oriented 
the  seam  with  respect  to  the  surface,  or  so  thickened  the 
seam  that  excellent  recovery  can  be  made  by  strip  mining.6 

At  the  Michel  colliery,  Sparwood,  a  fifty  foot  thick 
seam  known  locally  as  the  Balmer  seam  is  currently  being 
extracted  by  sub-level  methods.  Its  average  dip  is  35°  and 
the  adjacent  strata  consists  of  shales  and  sandstones  which 
provide  a  competent  roof.  Since  mining  has  proved  feasible 
under  these  conditions  the  choice  of  mining  configurations 
for  the  theoretical  mode  1 1 i ng  of  this  thesis  was  influenced 
by  the  geological  structures  observed  in  this  mine  which 
have  been  described  in  the  literature.10 

The  strength  and  deformational  behaviour  of  coal  is 
briefly  described  in  section  2.3  but  since  it  is  related  to 
the  petrography  of  the  seam  a  short  description  is  included 
here.  Using  the  Stopes-Heer len  classification  a  particular 
coal  can  be  described  on  a  macroscopic  level  in  terms  of  the 
lithotypes  vitrain,  clarain,  durain  and  fusain.  These 
macroscopic  forms  correspond  to  the  bright,  dull,  hard  and 
soft  bands  seen  in  a  seam  section.  Structurally  fusain  is 
the  softest  coal  type,  vitrain  is  stronger  but  brittle, 
clarain  is  mechanically  strong  and  durain  is  the  strongest. 
Table  2  shows  the  petrography  of  a  western  Canadian  seam  in 
the  Kootenay  Formation.9  The  predominant  1 i thotype  of  this 
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section  is  clarain  with  vitrain  and  durain  present  as 
interbands.  Apart  from  the  roof  and  floor  coal,  the  seam,  if 
undisturbed,  would  appear  to  be  structurally  strong  because 
of  the  presence  of  firm  clarain  and  durainous  clarain  bands. 
This  type  of  information  may  be  relevant  to  mine  design  when 
considering  strength  of  coal  pillars  and  their  modes  of 
failure  provided  that  the  seam  has  not  been  severely 
disturbed  by  tectonic  action.  The  investigation  into 
strength  and  deformational  properties  of  coal  and  other 
strata  and  the  values  used  for  modelling  is  described  in 
section  2.3. 


2.2  Mining 

Within  a  particular  method  chosen  for  extraction  of  a 
coal  deposit  modifications  can  be  made  to  increase  recovery, 
mineability  and  stability.  Four  different  configurations 
were  analysed  using  the  mathematical  model  but  the  overall 
layout,  dimensions  and  depth  were  similar  for  each  of  these 
sub- level  caving  methods. 

The  sub- level  hydraulic  mining  method  used  at  the 
Michel  colliery  is  outlined  here  because  the  basic  layout  of 
this  mine  would  be  similar  to  other  sub- level  coal 
operations.  Development  is  by  continuous  miners  feeding 
directly  into  a  flume  line  with  the  coal  being  washed  down 
by  water  chute.  Two  main  entries  are  driven  to  the  rise  at 
7°  at  an  acute  angle  to  strike.10  Crosscuts  at  800  foot 
intervals  connect  the  main  entries  to  establish  a 
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ventilation  circuit  and  simplify  access.  Sub-levels  inclined 
at  about  9°  are  turned  off  the  main  entries  at  an  angle  of 
approximately  155°.  These  sub-levels  are  on  80  foot  centres 
and  are  Kept  as  close  to  parallel  as  conditions  will  allow, 
(Fig. 2).  Support  is  by  16  x  10  foot  timber  lagged  steel 
arches  at  five  foot  intervals.  The  three  sub-levels  furthest 
in-bye  are  equipped  with  a  feeder -breaker  and  monitor  and 
the  necessary  pipes  and  flumes.  Since  belt  conveyors  are  not 
used  in  the  mine  straight  line  drivages  are  not  essential 
but  careful  control  of  gradient  is  necessary. 

Bulk  production  is  achieved  using  high  pressure  water 
fed  through  the  monitor  which  is  mounted  on  the 
feeder -breaker .  The  monitor  is  remotely  controlled  by  the 
operator  from  a  small  cabin  which  is  at  least  thirty-five 
feet  behind  the  monitor  site.  Immediately  prior  to 
extraction  the  arch  supports  in  the  extraction  zone  are 
removed  and  then  the  high  pressure  jet  is  directed  to  the  up 
dip  side  of  the  sub-level.  Cutting  continues  until 
connection  is  made  with  the  previous  extraction  area  and 
then  the  whole  of  the  70  x  40  foot  block  is  extracted.  This 
allows  a  completion  of  the  ventilation  circuit  from  the  main 
entry,  up  the  sub- level  and  out  through  the  gob.  Usually  a 
degree  of  roof  caving  occurs  before  extraction  is  complete, 
but  rock  dilution  due  to  this  is  rarely  more  than  ten 
percent.  After  extraction  is  completed,  the  equipment  is 
retreated  forty  feet  down  the  sub- level.  The  pipe  range  is 
recoupled,  the  flume  line  reassembled  to  the  feeder -breaker , 
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eight  arches  are  withdrawn  and  the  process  of  extraction  is 
repeated.  Three  sub- levels  are  equipped  at  any  one  time.  One 
is  mined,  one  is. pul  ling  back  and  the  third  is  standing  by 
in  case  of  any  unforeseen  stoppages  in  the  production 
sublevels . 

When  a  sub- level  is  retreated  to  a  point  not  less  than 
sixty  feet  from  the  main  road,  the  equipment  is  withdrawn 
for  re-installation  in  another  sub- level.  A  temporary 
stopping  is  erected  to  prevent  ventilation  leakage.  This 
sixty  foot  pillar  is  extracted  by  a  monitor  retreating  down 
the  main  road.  The  temporary  stoppings  are  destroyed  as  the 
pillar  is  mined  but  ventilation  leakage  is  prevented  as  an 
extraction  area  is  completed  by  erecting  a  permanent 
stopping  in  the  main  entry  and  leaving  a  barrier  pillar. 

The  caving  characteristics  of  the  roof  rock  at  the 
Michel  colliery  have  not  been  published  so  an  estimate  of 
the  cave  line  of  the  hanging  wall  for  the  model  was  obtained 
from  analytically  established  criteria.11  This  analysis 
provided  an  angle  of  break  chart  which  can  be  used  to 
estimate  the  angle  of  break,  ^b,  given  the  depth  of  the 
excavation,  depth  of  caved  material,  the  density  of  the 
hanging  wall  rock,  the  cohesive  strength  of  the  hanging  wall 
rock  and  its  internal  friction  angle,  (Figs. 3  and  4).  Using 
this  chart  was  determined  to  be  68*  and  this  value  was 
used  in  the  mathematical  model. 

Having  assumed  the  likely  geological  conditions  and  the 
general  mining  method  that  will  be  present  in  extraction  of 
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a  hypothetical  foothills  or  mountain  pitching  seam  it  was 
possible  to  create  an  idealised  section  for  model  analysis. 
This  cross  section  is  illustrated  in  Figure  5.  It  assumed 
that  mining  has  progressed  to  a  depth  of  150  metres  and  that 
the  resulting  void  has  been  filled  by  caved  material  from 
the  hanging  wall.  The  coal  seam  was  assumed  to  be  fourteen 
metres  in  thickness  and  to  have  an  inclination  of  45“  The 
ground  surface  was  assumed  to  be  level.  The  hanging  wall  was 
assumed  to  consist  of  competent  sandstone  which  caves  at  the 
break  angle  described  above.  The  footwall  was  also  idealised 
as  massive  sandstone  with  the  same  properties  as  the  hanging 
wall.  The  idealisation  of  the  country  rock  as  sandstone  was 
considered  to  be  reasonable  since  sandstones,  and  high 
strength  siltstones,  are  common  rock  types  in  the  foothills 
coal  bearing  formations.  A  description  of  the  deformat iona 1 
properties  of  several  samples  of  the  rocks  follows  in 
section  2.3. 


2.3  Geotechnical 

The  strength  and  deformat i ona 1  characteristics  of  coal 
and  adjacent  strata  were  based  on  tests  on  samples  obtained 
from  the  Belcourt  property  in  the  northeast  coal  block  of 
British  Columbia,  and  the  Grande  Cache  Mine  in  the  Alberta 
Foothills.  The  former  is  a  joint  venture  managed  by  Denison 
Mines  Limited's  Coal  Division  and  Gulf  Canada  Resources  Inc. 
and  the  results  are  published  with  their  permision.  The 
locations  of  the  two  sample  sites  are  illustrated  in  Figure 
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6.  The  samples  consisted  of  60  millimetre  diameter  diamond 
drill  cores  between  30  and  50  centimetres  in  length.  Each 
sample  was  wrapped  in  plastic  film  and  then  coated  with  wax. 
This  treatment  was  designed  to  retain  the  natural  moisture 
and  protect  the  sample.  Uniaxial  and  triaxial  compression 
tests  were  then  performed  on  a  number  of  samples  in  the 
Department  of  Mineral  Engineering's  Rock  Mechanics 
Laboratory. 

2.3.1  Uniaxial  Tests 

Uniaxial  tests  were  performed  to  determine  unconfined 
compressive  strength,  Young's  Modulus  and  Poisson's  ratio. 
Five  core  samples  were  taken  and  cut  so  that  their  length  to 
diameter  ratio  was  approximately  two  to  one.  The  ends  of 
these  samples  were  then  lapped  on  a  lapping  table  so  that 
their  surface  smoothness  varied  by  no  more  than  0.050 
millimetres.  Four  electrical  resistance  strain  gauges  were 
attached  to  the  sample,  two  axially  and  two  laterally,  using 
epoxy  resin  adhesive,  in  the  standard  manner.  A  slow  curing 
adhesive  was  used  without  heating  to  accelerate  the 
hardening  process,  because  it  was  feared  that  heat  may  have 
caused  clay-bearing  samples  to  disintegrate.  Each  pair  of 
strain  gauges  was  connected  to  provide  a  full  bridge  circuit 
in  a  strain  meter  so  that  the  strain  under  loading  could  be 
determined  in  microstrain  units.  The  sample  was  placed  in  a 
servo  controlled,  600,000  lb.  MTS  compression  frame  and 
loading  commenced  at  a  rate  of  0.10  millimetres  per  minute 
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for  stronger  materials  and  half  that  rate  for  weaker 
materials.  Strain  and  load  measurements  were  taken  at 
regular  intervals  until  the  sample  failed. 

2.3.2  Triaxial  Tests 

Triaxial  tests  were  performed  to  determine  the  cohesion 
and  internal  friction  of  the  samples.  Samples  32  millimetres 
in  diameter  were  cored  from  the  60  millimetre  diameter 
diamond  drill  cores  so  that  their  length  to  diameter  ratio 
was  approximately  two  to  one.  The  ends  were  lapped  in  the 
same  way  as  the  uniaxial  samples.  Each  sample  was  tested  in 
a  Hoek-Frankl i n  triaxial  cell.  It  consists  of  a  thick  walled 
cylinder  and  two  end  caps.  The  rock  core  is  enclosed  in  a 
tough  rubber  sleeve  which  is  so  designed  that  when  hydraulic 
fluid  is  pumped  into  the  cell,  the  sleeve  self-seals  and  no 
fluid  escapes..  The  axial  load  is  provided  by  the  MTS 
compression  frame.  Each  sample  type  was  tested  at  various 
confining  pressures  and  the  axial  failure  load  for  each 
confining  pressure  recorded. 

2.3.3  Test  Results 

The  uniaxial  and  triaxial  test  results  are  contained  in 
Appendix  1.  Values  of  Young's  Modulus  were  obtained  from 
graphs  of  axial  load  against  axial  strain.  Straight  line 
plots  were  obtained  in  each  case  suggesting  linear  elastic 
behaviour  along  the  axis.  Values  varied  from  2.55  x  104  MPa 
for  claystones  and  siltstones  to  6.18  x  104  MPa  for 
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sandstones.  The  results  are  summarised  in  Table  3. 

Poisson's  ratio  for  each  uniaxial  sample  was  obtained 
from  a  plot  of  lateral  strain  against  axial  strain.  In  the 
higher  strength  sandstones  a  straight  line  was  obtained  and 
only  one  value  of  Poisson's  ratio  recorded.  In  the  softer 
rock  materials  non-linear  behaviour  was  encountered  at  high 
stress  levels  as  failure  approached.  The  value  of  Poisson's 
ratio  selected  was  that  occurring  in  the  linear  portion  of 
the  plot.  These  results  are  also  summarised  in  Table  3. 

The  triaxial  results  were  examined  using  Mohr  circle 
diagrams  to  obtain  values  of  internal  angle  of  friction  and 
cohesion.  The  coarse  sandstones  gave  the  highest  internal 
friction  angle  and  the  silty  claystones  the  lowest.  The 
cohesive  strength  was  low  in  all  cases.  The  results  are 
contained  in  Appendix  1  and  are  summarised  in  Table  4. 

The  coal  physical  property  data  was  obtained  from  tests 
on  samples  from  the  No.  4  and  the  No.  11  seam  at  Grande 
Cache,  Alberta.  Uniaxial  and  triaxial  tests  were  performed 
and  the  data  is  summarised  in  Table  5.  Preparation  of  coal 
samples  for  testing  is  usually  difficult  due  to  its  low 
inherent  strength  and  the  presence  of  many  fractures. 
Therefore  the  samples  which  survive  the  preparation  process 
are  usually  representative  of  higher  strength  and  more 
brittle  coal  types.  For  this  reason  it  was  possible  to 
obtain  elastic  constants  for  coal  although  the  mechanical 
behaviour  across  the  whole  seam  may  be  other  than  linear 
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The  mechanical  properties  of  the  rock  materials 
obtained  from  these  tests  were  used  in  the  finite  element 
model.  The  program  employs  linear  elastic  analysis  and  the 
predominant  rock  type,  sandstone,  exhibits  this  behaviour. 
However  it  has  been  seen  that  coal  and  soft  rock  materials 
exhibit  behaviour  other  than  linear  elastic  at  higher  stress 
levels.24  The  aim  of  the  analysis  is  not  to  predict  precise 
stress  levels  or  deformations  around  excavations  but  to 
identify  regions  in  which  stress  concentrations  will  occur 
and  support  problems  may  be  encountered.  Therefore 
approximating  all  the  rock  behaviour  as  linear  elastic  is 
considered  justified  because  the  errors  introduced  by  this 
assumption  will  be  sma.ll. 


2.4  Pre-Mining  Stress  Distribution 

The  factors  influencing  mine  design  that  have  been 
considered  so  far  are  the  materials  present,  their 
properties,  and  methods  of  obtaining  coal  production.  The 
fourth  factor  that  must  be  considered  when  designing 
excavations  is  the  pre-mining  stress  distribution,  including 
the  effect  of  tectonic  forces.  Many  investigators  throughout 
the  world  have  measured  in-si tu  lateral  and  vertical 
stresses  and  calculated  Ko,  the  ratio  between  lateral  and 
vertical  stress.12  Values  vary  from  0.4  to  over  5.0  and 
depend  on  the  mechanical  properties  of  the  rock  and  the 
tectonic  history.  In  the  Rocky  Mountain  Foothills  region  no 
in-si tu  stress  measurements  have  been  published  to  date  so 
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assumption  of  a  value  of  Ko  should  be  based  on  what  is  Known 
of  the  tectonic  history.  The  tectonic  disturbance  seen  in 
the  Foothills  region  is  a  result  of  lateral  thrusting  along 
a  NE-SW  axis.  This  is  responsible  for  the  numerous  southwest 
dipping  thrust  faults  found  to  the  east  of  the  Rocky 
Mountain  Trench.  This  would  indicate  that  lateral  tectonic 
stresses  may  be  significantly  high.  However  Heim's  Rule 
suggests  that  in  weak  strata,  such  as  coal  bearing  strata, 
the  rock  is  unable  to  support  large  stress  differences  and 
that  in  conjunction  with  time  dependent  deformation  of  the 
rock  mass  over  geological  time  lateral  and  vertical  stress 
may  equalise.  Furthermore  erosional  effects  may  enhance  this 
lateral  stress  release.  Therefore  some  criterion  has  to  be 
adopted  for  evaluating  a  horizontal  to  vertical  stress  ratio 
and  it  was  decided  to  use  the  approach  of  Terzaghi  and 
Richart.13  This  leads  to  a  value  for  Ko  of  0.33  which  is  the 
value  widely  adopted  for  theoretical  calculations  of 
pre-mining  stress  fields.  This  may  appear  to  be  on  the  low 
side  considering  the  tectonic  history  of  the  region  but 
since  no  data  was  available  to  indicate  otherwise  the  above 
approach  was  adopted. 
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3.  Method  of  Numerical  Analysis 


3.1  Introduction 

The  aim  of  the  proposed  numerical  analysis  was  to 
provide  a  semi -quant i tat i ve  assessment  of  the  stress 
distribution  around  various  excavation  configurations.  To 
obtain  this  a  two  dimensional  linear  elastic  finite  element 
analysis  was  performed  and  the  reults  are  displayed  in  two 
forms.  The  first  consists  of  contour  plots  of  horizontal  and 
vertical  stress  distributions.  These  were  produced  from  the 
stress  values  calculated  at  the  nodal  points  and  contoured 
using  the  program  SURFACE  II  available  in  the  University  of 
Alberta,  Computing  Library  files.  The  second  form  of  display 
consists  of  major  and  minor  principal  stresses  represented 
in  magnitude  and  direction  by  arrows.  The  length  of  the 
arrow  is  proportional  to  the  magnitude  of  the  principal 
stress  and  its  inclination  indicates  the  direction  in  which 
it  acts.  The  arrowheads  indicate  whether  the  point  is  in 
compression  or  tension;  pointing  towards  each  other 
represents  compression  and  the  reverse  represents  tension. 
The  principal  stress  plotting  program,  PLOTGRID,  was  made 
available  by  its  author  Mr.  P.  Weerenburg  of  the  University 
of  Alberta,  Department  of  Civil  Engineering. 
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3.2  The  Finite  Element  Program 

The  main  computational  program  that  was  employed  for 
the  model  is  a  two  dimensional  finite  element  program 
developed  in  the  University  of  Alberta,  Department  of  Civil 
Engineering.  It  performs  a  two  dimensional,  linear  elastic 
analysis  for  plane  strain  problems  using  a  constant  strain 
triangle  and  outputs  displacements,  element  stresses, 
maximum  principal  .stresses  and  average  nodal  stresses.  For 
use  in  this  problem  it  was  necessary  to  increase  the  program 
limitations.  The  maximum  number  of  nodes  was  increased  from 
200  to  450,  the  number  of  elements  from  200  to  900  and  the 
ha  1 f -bandwi dth  from  40  to  200.  The  limitations  therefore 
read  as: 

Number  of  Nodes  450 
Number  of  Elements  900 
Half  Band  Width  200 
Materials  8 

Total  Storage  Required  720K 

The  program  can  be  run  under  the  Michigan  Terminal 
System  on  the  AMDAHL  470  V / 7  computer  at  the  University  of 
Alberta.  The  required  Central  Processing  Unit  (CPU)  time  is 
approximately  45  seconds. 
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3.3  The  Element  Mesh  and  Element  Properties 

The  finite  element  mesh  is  illustrated  in  Figure  7.  It 
has  432  nodal  points  and  812  elements  with  a  high 
concentration  in  the  seam  and  in  the  immediate  hangingwall 
and  footwa 1 1 .  The  elements  in  the  seam  are  so  arranged  that 
different  mining  configurations  can  be  modelled  with  this 
mesh  by  assigning  different  element  material  properties  and 
loading  conditions  without  having  to  change  nodal 
coordinates  or  element  nodal  points.  Also  a  high  number  of 
elements  are  placed  on  the  coa 1 /sandstone  interface  in  the 
region  of  the  excavations.  This  is  to  prevent  displacements 
in  the  coal  being  overly  restrained  by  the  relatively  stiff 
sandstone  since  the  ratio  of  elastic  moduli,  coal  to 
sandstone,  is  1  to  20. 

The  elastic  properties  used  for  elements  representing 
coal  and  sandstone  were  those  established  in  the  materials 
testing  program  (Chapter  2).  For  excavated  zones  such  as  the 
working-places  and  the  sublevels  the  elements  were  assigned 
near  zero  stiffness  i.e.  the  value  used  for  Young's  Modulus 
was  10,0  MPa  and  that  for  Poisson's  ratio  0.25.  These  values 
are  selected  to  allow  deformation  into  these  regions  to 
occur  readily.  The  caved  sandstone  was  assigned  a  Young's 
Modulus  of  1200.0  MPa  and  Poisson's  ratio  of  0.25.  No 
specific  values  were  available  for  this  material  so  the 
moduli  ratio  of  coal  to  caved  sandstone  was  chosen  as  2  to 
1.  For  solid  rock  the  Young's  Modulus  value  used  was  50,000 
MPa  and  the  Poisson's  ratio  0.2.  This  was  an  average 
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obtained  from  the  testing  program  summarised  in  Table  3.  The 
values  for  coal  were  2400  and  0.35  respectively.  These 
values  were  gained  from  the  coal  physical  property  tests 
summarised  in  Table  5. 

The  use  of  linear  elastic  analysis  for  this  problem  may 
be  considered  an  over  simplification  especially  since  more 
complex  analyses  can  be  performed.  The  most  advanced  method 
currently  available  for  calculating  stresses  in  a  problem  of 
this  nature  is  by  means  of  a  finite  element  method  using 
incremental  loading  to  simulate  the  mining  history  and 
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non-linear,  stress  path  dependent  stress-strai n  relations 
for  the  materials  involved.  With  proper  use  this  procedure 
has  been  shown  to  lead  to  reliable  estimates  of  the  stress 
distribution  as  well  as  the  deformations  resulting  from  a 
given  loading  sequence.  However,  it  has  been  shown23  that  if 
deformations  are  not  required,  then  for  many  cases  a  simple 
linear  elastic,  single  step  analysis  may  give  satisfactory 
results  with  less  expenditure  of  time  and  money. 


3.4  Initial  Stress  Distribution  and  Boundary  Conditions 

The  initial  vertical  stress  was  assumed  to  be  due  to 
the  weight  of  overlying  material.  Therefore  the  vertical 
stress  at  a  point  z  metres  below  the  surface  is  given  by 

Gv»  5.Z 

where  #  is  the  unit  weight  of  the  material. 

If  a  point  occurred  below  more  than  one  material  the 
vertical  stress  value  was  calculated  as  Ov  « +  Xz.Zz  +  — 
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The  unit  weights  for  coa 1 , sandstone  and  caved  sandstone  were 
1300,  2700  and  1890  Kg/m3  respectively. 

The  initial  horizontal  stress  distribution  was 
calculated  from 

Oh  =  Ko.Ov 

where  Ko  is  the  value  of  the  horizontal  to  vertical  stress 
ratio  established  in  Chapter  2.  The  initial  horizontal  and 
vertical  stress  distributions  are  illustrated  in  Figures  9 
and  10.  The  axes  indicate  distances  in  metres  and  the 
contour  values  represent  stresses  in  Mega- Pasca 1 s . 

The  initial  stress  distribution  could  have  been 
calculated  using  the  "switch  on  gravity"  method.  This  is 
achieved  by  running  the  finite  element  program  with  the  self 
weight  of  each  element  being  applied.  The  advantage  of  this 
approach  is  that  shear  stresses  developed  along  boundaries 
where  materials  possess  different  stiffnesses  are  simulated. 
However  away  from  the  boundaries  the  horizontal  to  vertical 
stress  ratio  will  be  that  arising  due  to  the  elastic 
properties  of  the  materials  and  will  give  a  similar  initial 
stress  distribution  to  that  obtained  by  the  calculation 
described  in  the  preceeding  paragraph. 

The  element  mesh  boundary  conditions  were  defined  such 
that  the  nodes  on  the  boundary  were  fixed  in  both  the 
horizontal  and  vertical  directions.  The  mesh  is  sufficiently 
large  that  boundary  conditions  do  not  influence  behaviour 
around  the  excavations. 


4.  Stress  Analysis  of  Sublevel  Mining  Configurations 


4 . 1  Introduct ion 

The  particular  panel  layout  in  a  sublevel  mine  may 
change  from  panel  to  panel  to  allow  for  geological 
variations  or  to  improve  strata  control.  For  this  reason  it 
was  decided  to  analyse  four  alternative  panel  layouts  by  the 
method  previously  described.  For  each  layout  a  section  and 
plan  describe  the  extraction  method  and  another  section 
describes  the  loading  conditions  in  the  region  of  the 
excavations.  Stress  contours  and  principal  stress  diagrams 
illustrate  the  results. 


4 . 2  Load i ng  Cond i t i ons 

The  method  of  calculating  the  excavation  loading 
conditions  was  the  same  for  each  configuration.  The  stress 
at  each  nodal  point  on  the  boundary  of  the  excavation  was 
obtained  from  the  listing  of  initial  stress  distribution. 
These  values  were  used  to  calculate  loads  which  are  applied 
at  each  node  along  the  excavation  boundary  to  create  a 
stress  free  boundary  around  the  excavation  (Figure  12).  A 
sample  calculation  of  loading  conditions  is  given  in 
Appendix  III.  The  induced  stress  distribution  caused  by  this 
loading  and  calculated  by  the  finite  element  program  is 
summed  with  the  initial  stress  distribution  to  give  the 
final  stress  distribution  around  the  excavation. 
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4.3  Configuration  1 

4.3.1  Extraction  Method 

Coal  blocks  due  for  extraction  were  assumed  to  be 
bounded  by  development  sublevels  turned  off  the  main  entry 
almost  parallel  to  strike.  They  are  retreated  back  towards 
the  main  entry  by  hydraulic  extraction  and  all  roads  are 
sufficiently  inclined  to  allow  hydraulic  transpor tat  ion  of 
the  broken  coal.  Coal  on  the  down  dip  side  of  the  extraction 
sublevel  is  trimmed  off  so  that  the  coal  wall  is 
perpendicular  to  the  roof.  The  layout  and  dimensions  are 
illustrated  in  Figure  11. 

4.3.2  Final  Stress  Distribution  Throughout  the  Structure 

The  horizontal  and  vertical  stress  distributions 
resulting  from  this  configuration  are  illustrated  in  Figures 
13  and  14.  In  comparison  with  the  initial  stress 
distribution  diagram  (Figure  9)  it  can  be  seen  that  there  is 
a  certain  reduction  in  horizontal  stress  in  the  footwall  and 
a  slight  increase  in  the  hanging  wall.  Also  a  zone  of 
horizontal  tensile  stress  is  induced  near  the  surface  which 
coincides  with  what  would  be  the  location  of  the  new  cave 
line.  A  high  horizontal  stress  gradient  is  seen  in  the 
hanging  wall  sandstone  as  it  approaches  the  sandstone/coal 
interface  in  the  region  of  the  excavations. 

The  vertical  stress  distribution  is  characterised  by  a 
slight  lowering  of  stress  magnitude  in  the  footwall  and  a 
slight  increase  in  the  hanging  wall.  As  would  be  expected 
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variations  from  the  initial  stress  levels  increase  closer  to 
the  excavation.  The  vertical  stress  along  the  boundary 
between  the  intact  and  the  caved  sandstone  is  low  because 
displacement  of  the  intact  rock  into  the  stope  allows  stress 
release . 

The  principal  stress  distribution  diagram  (Figure  15) 
adds  more  to  the  detail  provided  by  the  horizontal  and 
vertical  stress  diagrams.  The  development  of  the  new  cave 
line  is  illustrated  by  the  major  principal  stress  near  the 
surface  being  horizontal  and  tensile.  Also  it  can  be  seen 
that  in  the  hanging  wall  the  major  principal  stress  is 
oriented  parallel  to  the  seam  and  is  large  and  compressive. 
Its  significance  will  be  discussed  in  the  next  section. 

4.3.3  Final  Stress  Distribution  Around  the  Excavations 

The  stress  distributions  are  illustrated  in  Figures  16, 
17  and  18  and  stress  sections  through  regions  of  particular 
interest  are  contained  in  Figures  19  to  22.  It  should  be 
noted  that  the  stress  levels  indicated  by  these  sections  are 
those  occurring  along  each  straight  section  line.  Figure  19 
shows  that  the  horizontal  stress  in  the  immediate  hanging 
wall  is  almost  constant  parallel  to  the  seam  from  the 
uncaved  stope  to  below  the  next  working  drift.  This  is 
contrary  to  the  initial  stress  distribution  where  the 
horizontal  component  increases  linearly  with  depth  and,  for 
a  given  depth,  is  lower.  A  similar  section  in  the  footwall 
shows  that  stresses  increase  with  depth  except  immediately 
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below  the  uncaved  stope.  Stress  sections  perpendicular  to 
the  seam  (Figure  20)  show  high  horizontal  stress  in  the 
hanging  wall  dropping  abruptly  in  the  coal,  reaching  a 
minimum  in  the  excavation  wall  on  the  footwall  side  and 
rising  slowly  in  the  sandstone  footwall.  This  distribution 
is  partly  a  result  of  the  initial  condition  where  footwall 
stresses  are  low  because  the  loading  provided  by  the 
less-dense  caved  material  is  lower  than  that  of  the  intact 
rock  which  loads  a  large  part  of  the  hanging  wall.  Another 
factor  causing  this  particular  stress  redistribution  is 
stress  transfer  around  the  openings.  The  horizontal 
component  is  transferred  below  the  lower  excavation  and 
through  the  pillar  between  the  two  excavations.  Also  the 
vertical  component  is  forced  around  the  excavation  in  the 
sandstone  hanging  wall  and  the  major  principal  stress 
becomes  oriented  parallel  to  the  seam  (Figure  18)  This  adds 
a  further  component  to  the  already  increased  horizontal 
component . 

In  the  footwall  the  horizontal  stresses  are 
considerably  lower  than  in  the  hanging  wall.  Destressing 
occurs  in  the  immediate  floor  of  the  stope  and  in  the  walls 
of  the  development  drift.  The  orientations  of  the  major 
principal  stresses  are  much  nearer  to  their  original 
orientations  (i.e.  vertical)  except  for  immediately  below 
the  stope  where  they  tend  to  the  horizontal.  This  results  in 
a  local  horizontal  stress  concentration  which  is,  however, 
relatively  sma 1 1 . 
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The  vertical  stress  distribution  is  character i sed  by 
high  hanging  wall  stress,  moderately  high  pillar  stress, 
high  stresses  in  the  walls  of  the  development  drifts,  and 
localised  zones  of  stress  concentration  and  relaxation.  Low 
stress  in  the  footwall  is  partly  a  result  of  the  reduced 
overburden  load  caused  by  the  caved  material  but  also  due  to 
relaxation  immediately  below  the  stope. 

As  has  already  been  noted  the  major  principal  stresses 
in  the  region  of  the  stope  become  aligned  parallel  to  the 
roof  and  floor.  Figure  18  illustrates  the  manner  in  which 
stress  is  transferred  around  the  end  of  the  stope  and  this 
causes  a  vertical  stress  concentration  in  the  sandstone 
hanging  wall  in  the  region  of  the  top  corner  of  the  stope. In 
the  footwall  there  is  a  destressed  zone  in  the  sandstone 
below  the  stope.  This  appears  to  be  caused  by  relaxation  in 
that  bottom  corner  and  also  because  there  is  no  transfer  of 
stress  through  the  region.  This  gives  a  high  differential 
stress  across  the  end  of  the  stope  which  is  well  illustrated 
in  the  upper  section  in  Figure  22. 

In  the  pillar  section  between  the  two  excavations 
stress  transfer  gives  rise  to  a  moderate  increase  in  stress 
level  with  a  subsequent  drop  in  stresses  in  the  footwall. 
The  footwall  stresses  in  this  zone  tend  to  be  similar  in 
magnitude  and  orientation  to  the  initial  stresses.  Around 
the  lower  excavation  vertical  stress  is  predictably 
transferred  around  the  drift  leading  to  high  stress  in  the 
walls  and  destressing  in  the  roof  and  floor.  The  area 
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influenced  by  the  excavation  continues  for  at  least  75 
metres  below  the  lower  excavation  giving  higher  stresses  in 
the  hanging  wall  but  not  significantly  affecting  stress 
distribution  in  the  footwall.  This  suggests  that  overburden 
load  from  the  overlying  rock  is  transferred  around  the 
excavation  as  a  whole  and  will  always  lead  to  a  zone  of 
increased  stress  in  the  hanging  wall  at  depths  in  which 
further  development  workings  will  have  been  initiated. 

4.3.4  Significance  of  Observed  Stress  Distribution 

The  analysis  of  this  configuration  can  give  some 
initial  insight  into  possible  ground  behaviour  around  an 
uncaved  stope.  The  major  principal  stress  in  the  stope  roof 
is  compressive  and  aligned  parallel  to  the  seam  so  this  will 
have  the  effect  of  closing  any  joints  in  the  roof  and 
preventing  failure  by  sliding  of  unsupported  blocks.  The 
localised  tensile  zone  where  the  stope  roof  joins  the 
previously  caved  material  suggests  where  roof  failure  will 
be  initiated  and  its  continuation  through  to  the  surface 
locates  the  new  cave  line. 

The  horizontal  and  vertical  stress  concentrations 
located  in  the  hanging  wall  may  cause  stability  problems  on 
the  corner  at  the  junction  between  the  sandstone  roof  and 
the  coal  wall.  High  compressive  stresses  are  created  in  the 
coal  wall  and  may  cause  its  failure  which  would  remove 
support  from  the  roof.  This  could  in  turn  induce  the  failure 
of  the  hanging  wall.  The  eventual  caving  of  the  hanging  wall 
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is  of  course  desired  but  not  at  the  expense  of  depletion  of 
recovereable  coal  from  the  adjacent  coal  block. 

The  overall  destressing  of  the  footwall  will  be 
significant  in  the  location  of  permanent  excavations  such  as 
major  haulages,  slurry  pumping  stations  and  shafts.  As  the 
workings  go  to  greater  depths  shafts  will  have  to  be 
deepened  or  subshafts  added  and  these  will  all  be  located  in 
the  footwall  to  take  advantage  of  the  destressed  and  more 
stable  ground. 


4.4  Configuration  2 

4.4.1  Extraction  Method 

The  extraction  method  for  this  configuration  is  similar 
to  the  previous  one  but  a  number  of  changes  are  embodied 
which  will  affect  the  resulting  stress  distributions.  As 
before  extraction  blocks  are  defined  by  continuous  miners 
and  production  is  achieved  by  retreat  hydraulic  mining  back 
towards  the  main  entry.  No  trimming  is  performed  on  the 
down-dip  side  so  the  resulting  stope  retains  the  original 
profile  of  the  extraction  sublevel.  Furthermore  the  pillar 
between  the  stope  and  the  lower  sublevel  is  of  lesser  volume 
in  this  configuration  which  should  also  affect  the  final 
stress  distribution.  The  mining  layout  is  illustrated  in 
plan  and  section  in  Figure  23. 
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4.4.2  Loading  Conditions 

The  loading  conditions  for  this  configuration  are 
calculated  as  before  and  are  illustrated  in  Figure  24. 

4.4.3  Final  Stress  Distribution  Throughout  the  Structure 

The  overall  stress  distribution  is  illustrated  in 

Figures  25,  26  and  27.  The  horizontal  stress  distribution  is 
similar  to  that  of  Configuration  1  but  the  change  in 
geometry  does  create  some  differences.  The  tensile  zone  near 
the  surface  is  still  present  but  is  not  so  extensive.  This 
suggests  that  the  new  cave  line  will  be  propagated  in  the 
same  location  but  may  not  occur  so  readily.  The  release  of 
horizontal  stress  in  the  footwall  is  as  in  the  previous 
mining  layout  with  a  slightly  lower  level  of  horizontal 
stress  below  the  pillar.  As  before  the  initial  stress 
distribution  is  significant  in  determining  the  footwall 
stress  condition. 

Predictably,  the  vertical  stress  distribution  across 
the  mesh  varies  little  from  that  of  the  previous 
configuration.  The  destressing  along  the  boundary  between 
intact  and  caved  sandstone  is  still  observed  as  is  the 
considerable  relaxation  in  the  footwall  below  the  stope.  The 
principal  stress  diagram  (Figure  27)  shows  the  orientation 
of  the  major  principal  stress  in  the  stope  roof  parallel  to 
the  seam  and  shows  a  transfer  of  stress  around  the 
excavation  as  a  whole. 
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4.4.4  Final  Stress  Distribution  Around  the  Excavations 

The  small  variation  in  geometry  and  pillar  size  in  this 
configuration  results  in  a  change  in  horizontal  stress 
distribution  around  the  excavations.  The  stress  section  in 
the  hanging  wall  parallel  to  the  seam  (Figure  31)  shows  an 
almost  linear  increase  in  stress  with  depth,  a  sharp  drop  as 
the  lower  excavation  is  encountered,  and  then  a  resumption 
of  the  linear  increase  with  depth.  The  drop  in  stress 
coincides  with  the  location  of  the  destressed  vertical  wall 
of  the  lower  sublevel.  The  equivalent  stress  section  in  the 
footwall  shows  stress  decreasing  to  a  minimum  below  the 
stope,  rising  as  the  pillar  is  encountered  but  remaining 
constant  through  the  footwall  of  the  pillar,  increasing 
rapidly  below  the  lower  sublevel,  and  then  showing  a  gentle 
linear  increase  with  depth  below  the  excavation  zone.  Stress 
sections  perpendicular  to  the  seam  show  horizontal  stress 
levels  rising  in  the  hanging  wall  to  a  peak  on  the  interface 
between  coal  and  sandstone,  dropping  sharply  and  remaining 
constant  or  increasing  slowly  in  the  footwall. 

The  most  significant  horizontal  stress  concentration 
induced  by  the  excavations  is  in  the  hanging  wall  sandstone 
adjacent  to  the  coal  pillar  (Figure  28).  As  before  this  is  a 
result  of  horizontal  stress  transfer  around  the  openings  and 
the  reorientation  of  the  major  principal  stress.  The  major 
principal  stress  becomes  oriented  parallel  to  the  seam  and 
thus  adds  to  the  horizontal  component.  Stress  relaxation  in 
the  footwall  is  slightly  more  extensive  and  more  uniform 
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than  in  the  previous  configuration. 

Vertical  stress  in  the  hanging  wall  rises  rapidly  from 

almost  zero  to  peak  in  the  sandstone  adjacent  to  the 

vertical  wall  of  the  stope.  It  then  falls  to  an  intermediate 

minimum  above  the  roof  of  the  lower  sublevel,  rises  to  the 

original  peak  in  the  wall  of  the  sublevel  and  stays  at  this 

value  until  it  is  well  below  (60  metres)  the  lower 

excavation.  In  the  footwall  vertical  stress  decreases  almost 

• 

linearly  until  it  reaches  a  minimum  below  the  bottom  corner 
of  the  stope.  From  there  it  rises  sharply  through  the  pillar 
region  to  a  peak  which  coincides  with  the  wall  of  the 
sublevel.  Below  the  sublevel  considerable  destressing  is 
observed  and  then  a  sharp  increase  in  stress  in  the  vertical 
wall  on  the  down-dip  side.  From  that  point  on  stress 
increases  linearly  with  depth  to  achieve  levels  similar  to 
those  present  in  the  initial  stress  distribution.  Across  the 
seam  (Figure  34)  stress  rises  to  a  peak  in  the  hanging  wall, 
falls  sharply  around  the  excavartion  and  recovers  slowly  in 
the  footwall.  In  the  pillar  region  stress  increases  to  a 
maximum  in  the  centre  of  the  pillar,  decreases  in  the 
footwall  then  assumes  initial  values  and  increases  linearly 
wi  th  depth . 

The  most  significant  vertical  stress  concentrations 
occur  in  the  lower  sublevel  walls  and  in  the  single  vertical 
wall  of  the  stope.  Relaxation  is  seen  above  and  below  both 
excavations.  The  stress  gradient  across  the  seam  and  the 
magnitude  of  the  peak  streses  are  slightly  lower  in  this 
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configuration  than  the  previous  one.  The  variation  in  stope 
geometry  has  only  had  a  minor  effect  on  vertical  stress 
distribution.  The  principal  stress  diagram  illustrates 
stress  transfer  through  the  pillar  and  around  the 
excavations  as  a  whole.  The  tensile  zone  in  the  roof  of  the 
stope  where  bed  separation  may  occur  and  roof  caving  will  be 
initiated.  Below  the  excavation  zone  initial  stress 
conditions  are  soon  regained  as  can  be  seen  from  the  way  in 
which  the  principal  stresses  return  to  being  vertical  and 
horizontal . 

4.4.5  Significance  of  Observed  Stress  Distribution 

As  in  the  previous  configuration  the  compressive  major 
principal  stress  aligned  parallel  to  the  stope  roof  will  add 
to  its  stability  by  closing  joints  perpendicular  to  bedding. 
Similarly  further  development  in  terms  of  access  should  be 
located  in  the  footwall  sandstone  to  take  advantage  of  the 
destressed  and  more  stable  conditions.  Since  no  trimming  is 
performed  on  the  down-dip  side  of  the  sublevel  the  bottom  of 
the  stope  retains  the  sublevel  profile.  On  comparison  of  the 
principal  stress  diagrams  of  these  first  two  configurations 
(Figures  18  and  30)  it  appears  that  Configuration  2  is  more 
desirable  because  of  the  way  in  which  stress  is  distributed 
around  the  lower  end.  In  Configuration  1  the  magnitude  of 
the  major  principal  stress  at  several  points  is  higher  than 
in  Configuration  2.  Also  in  Configuration  2  the  highest 
stresses  are  in  the  sandstone  and  located  further  from  the 
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coal  than  in  Configuration  1  thus  reducing  the  risk  of 
premature  caving  and  coal  loss.  The  differences  pointed  out 
here  are,  however,  marginal  and  the  stability  could  be 
affected  by  other  factors  such  as  the  presence  of  soft  coal 
or  poor  roof  conditions.  As  a  result  a  choice  between  these 
two  mining  configurations  would  be  based  on  factors  such  as 
productivity  and  ease  of  mining  rather  than  the  optimisation 
of  stability  by  consideration  of  stress  distribution. 


4.5  Configuration  3 

4.5.1  Extraction  Method 

The  third  layout  to  be  considered  embodies  the  broad 
sub-panel  layout  as  practiced  in  some  Chinese  hydraulic 
mines  (Chapter  5).  Extraction  blocks  are  smaller  and  are 
subdivided  by  crosscuts  (Figure  35)  to  improve  access  and 
ventilation.  Development  work  is  carried  out  with  continuous 
miners  and  bulk  production  is  achieved  by  hydraulic 
retreating  towards  the  main  entry.  With  this  layout  more 
than  one  block  is  extracted  simultaneously  to  offset  the 
lower  production  rate  caused  by  mining  smaller  blocks. 
Flumes  for  coal  slurry  transportation  are  located  in  the 
production  sublevels  and  the  main  entry. 

4.5.2  Loading  Conditions 

The  loading  conditions  for  the  chosen  section  through 
the  workings  (Figure  35)  are  illustrated  in  Figure  36.  These 
are  calculated  as  described  earlier  and  as  can  be  seen  from 
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the  diagram  result  in  a  fairly  simple  configuration  to  be 
analysed . 

4.5.3  Final  Stress  Distribution  Throughout  the  Structure 

The  selected  section  through  the  mine  workings  is  such 
that  stresses  around  three  sublevels  are  analysed  so  in 
relation  to  the  rest  of  the  structure,  the  actual  volume  of 
unexcavated  rock  is  small.  This  is  seen  in  Figures  37,  38 
and  39  where  away  from  the  excavations  the  alteration  from 
the  initial  stress  distribution  is  minimal.  There  is  a 
slight  rise  in  horizontal  stress  in  the  hanging  wall  in  the 
region  of  the  excavations  and  this  is  due  to  transfer  of 
stress  through  the  solid  coal  pillars.  In  the  footwall, 
where  away  from  the  excavation  the  stress  level  rises 
linearly  with  depth,  the  stress  distribution  becomes  almost 
identical  to  that  of  the  initial  stress.  The  tensile  zone  at 
the  surface  is  very  low  in  magnitude  and  small  in  extent  and 
would  be  unlikely  to  promote  any  caving. 

The  overall  vertical  stress  distribution  diagram 
emphasises  that  away  from  the  excavation  there  is  little 
variation  from  initial  conditions.  Above  the  uppermost 
sublevel  there  is  a  certain  relaxation  of  stress  along  the 
boundary  betwen  the  caved  and  the  intact  sandstone  but  not 
as  significant  as  that  observed  above  the  stope  in  the  two 
previous  configurations.  There  is  also  a  slight  destressing 
in  the  hanging  wall  above  the.  excavations  and  a  stress 
increase  in  the  hanging  wall  below  the  excavation.  Vertical 


35 


stress  has  been  transferred  around  the  excavation  zone  as 
can  be  seen  from  the  major  principal  stress  trajectories  in 
Figure  39. 

4.5.4  Final  Stress  Distribution  Around  the  Excavations 

Stress  sections  parallel  to  the  seam  show  a  steady 
increase  in  horizontal  stress  with  depth  in  the  hanging 
wall,  with  a  small  peak  adjacent  to  each  pillar  caused  by 
local  transfer  of  stress  around  each  sublevel  (Figure  43). 
In  the  footwall  the  stress  level  is  more  or  less  constant 
until  below  the  bottom  sublevel.  A  sharp  increase  here  is 
due  to  the  overall  stress  transfer  around  the  excavation 
zone.  Sections  perpendi cu 1 ar  to  the  seam  illustrate  the 
destressing  in  the  sublevel  walls  and  the  subsequent 
concentration  in  the  floor. 

Vertical  stress  sections  illustrate  a  similar  pattern 
of  relaxation  and  concentration  in  the  hanging  wall  and 
footwall.  The  general  trend  is  for  stress  magnitude  to 
increase  with  depth  and  there  are  local  peaks  where  vertical 
stress  is  channelled  through  a  pillar.  The  peaks  actually 
occur  in  the  sublevel  walls  but  the  stress  levels  in  the 
pillars  are  still  higher  than  those  occurring  prior  to 
extraction.  The  principal  stress  diagram  illustrates  the 
stress  trajectories  around  the  excavations.  It  also 
illustrates  an  anomaly  in  the  roof  and  floor  of  the 
excavations  caused  by  the  way  in  which  stresses  are 
calculated  at  nodes.  Stresses  at  nodes  (which  are  contoured 
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here)  are  calculated  by  averaging  of  the  stresses  in  the 
elements  surrounding  the  node.  On  the  boundary  of  the 
excavations  stresses  are  therefore  averaged  between  the 
elements  at  zero  in  the  excavation  and  the  stressed  elements 
in  the  surrounding  rock.  Above  and  below  the  excavations, 
vertical  destressing  has  occurred  but  the  magnitude  of  the 
average  vertical  stress  is  still  greater  than  the  horizontal 
stress.  This  results  in  the  inaccurate  representation  of  the 
major  principal  stress  on  the  excavation  boundary. 

4.5.5  Significance  of  Observed  Stress  Distribution 

Since  the  section  analysed  passes  through  consecutive 
pillars  and  sublevels  and  does  not  include  any  large 
unsupported  excavations,  the  structure  appears  fairly 
stable.  This  will  be  misleading  as  each  block  is  retreated 
because  as  the  excavation  front  approaches  the  section  line, 
stress  variations  will  arise  in  the  third  dimension.  Such  an 
effect  is,  however,  beyond  the  scope  of  this  investigation. 
There  appear  to  be  no  real  problem  areas  created  by  this 
excavation  configuration  but  two  points  should  be  noted.  The 
concentration  of  vertical  stress  in  the  sublevel  walls  may 
result  in  their  failure  especially  as  operations  proceed  to 
greater  working  depths.  This  will  require  increasingly 
stronger  support  to  be  set  immediately  after  excavation  as 
is  the  practice  in  some  hydraulic  mines  (Chapter  5).  The 
second  point  is  that  as  the  pillars  are  stressed  they  may 
become  more  liable  to  violent  failure  or  outbursts  of 
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powdered  coal  and  gas. 


4.6  Configuration  4 

4.6.1  Extraction  Method 

The  layout  illustrated  in  Figure  47  and  analysed  as 
Configuration  4  is  typical  of  the  method  of  long  pillar 
mining  or  narrow  sub-panel  mining  (Chapter  5).  Unlike  the 
three  previous  methods  the  direction  of  excavation  is  almost 
down-dip  as  opposed  to  being  just  off  strike.  As  before  the 
extraction  blocks  are  defined  by  continuous  miners  and  are 
then  retreated  towards  a  cut-off  drift.  In  this  method  the 
coal  slurry  runs  down  the  production  sublevels,  along  the 
cut-off  drift  and  into  the  main  entry. 

4.6.2  Loading  Conditions 

Nodal  loadings  to  simulate  the  desired  excavations  are 
calculated  as  before  and  illustrated  in  Figure  48. 

4.6.3  Final  Stress  Distribution  Throughout  the  Structure 
Figure  49  illustrates  the  general  horizontal  stress 

distribution  and  it  can  be  seen  that  apart  from  local 
alterations  around  the  excavations  and  a  slight  destressing 
in  the  footwall,  there  is  little  alteration  from  the  initial 
stress  distribution.  At  the  surface  there  is  a  small  tensile 
zone  but  its  magnitude  and  extent  are  not  sufficient  to  give 
rise  to  instability.  The  same  is  true  with  regard  to  vetical 
stress  distribution.  Localised  effects  are  seen  around  the 


38 


excavations  and  some  vertical  stress  is  released  in  the 
footwall,  but  generally  the  stress  distribution  is  the  same 
as  that  prior  to  excavation. 

4.6.4  Stress  Distribution  Around  the  Excavations 

In  the  hangingwall  the  magnitude  of  horizontal  stress 
rises  with  depth  and  attains  a  peak  above  the  lower 
sublevel.  It  then  falls  above  the  sublevel  wall  but  recovers 
its  peak  value  and  continues  to  rise  linearly  with  depth.  In 
the  footwall  a  similar  situation  occurs  with  minimum  levels 
below  the  sublevel  walls  and  magnitude  increasing  with 
depth.  Stress  sections  across  the  seam  reiterate  this 
pattern  and  the  section  through  the  coal  pillar  shows  only  a 
marginal  concentration  in  this  region. 

The  vertical  stress  sections  show  almost  constant 
stress  between  the  two  excavations  parallel  to  the  seam, 
with  destressing  above  each  sublevel  and  stress 
concentration  in  the  sublevel  walls.  In  the  footwall  the 
relaxation  and  concentration  occurs  as  in  the  hanging  wall, 
but  between  the  sublevels  stress  magnitude  increases  with 
depth  as  it  would  prior  to  mining.  Sections  across  the  seam 
show  a  slight  increase  of  stress  level  in  the  central  pillar 
and  the  predictable  concentration  in  the  excavation  walls. 
The  principal  stress  diagram  shows  the  principal  stress 
trajectories  and  the  stress  transfer  around  the  sublevels. 
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4.6.5  Significance  of  Observed  Stress  Distribution 

As  was  observed  in  the  previous  configuration  there  are 
no  severe  problems  created  by  the  stress  redi str ibut ion 
around  the  sublevels.  Concentration  in  the  walls  can  be 
alleviated  by  suitable  support  an  there  should  be  little 
danger  of  outbursting  in  the  pillar  zone  because  the 
magnitude  of  the  induced  stresses  rarely  exceeds  the  initial 
stress  levels.  The  pillar  adjacent  to  that  between  the 
sublevels  (the  pillar  being  extracted,  Figure  47)  will  no 
longer  support  overburden  load  and  will  transfer  stress  to 
the  caved  material  and  the  pillar  which  has  been  considered 
here.  This  will  increase  the  stress  level  in  this  pillar  but 
an  assessment  of  the  influence  of  this  stress  transfer  would 
have  to  be  performed  by  three  dimensional  analysis  which 
lies  beyond  the  scope  of  this  project. 
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5.  Comparison  of  Theoretical  Results  with  Mine  Observations 
5.1  Introduction 

In  order  to  validate  the  results  from  the  mathematical 
model  analysis  it  was  decided  to  compare  them  with  reports 
of  observations  made  at  three  mines  operating  with  similar 
configurations.  In  China,  hydraulic  mines  have  been  operated 
for  approximately  thirty  years  and  some  of  their  strata 
control  problems  have  been  described.14  In  the  Michel 
colliery  of  Kaiser  Resources  (Chapter  2)  deformation  and 
convergence  measurements  were  performed  and  their 

significance  evaluated.15  Finally  in  Zambia,  at  the  Mindola 
Mine,  a  steeply  dipping,  low  strength  copper  orebody  is 
extracted  by  sublevel  methods  and  its  similarity  in  mine 
structure  allows  useful  comparisons  to  be  made.16 

Unfortunately,  none  of  these  descriptions  quantify  stress 
magnitudes  and  they  provide  only  qualitative  observations.  Since 
so  few  studies  have  been  made  in  steep  seam  operations  these 
observations  can  only  be  used  in  general  comparison. 


5.2  Observations  in  Chinese  Hydraulic  Mines 

Since  the  inception  of  observations  in  1956  the  Chinese 
have  been  investigating  roof  stability  in  the  workings, 
deformation  in  the  extraction  blocks  under  pressure,  and 
roadway  maintenance.  They  conclude  that  the  behaviour  of  the 
immediate  hanging  wall  strata  (main  roof)  plays  a 
predominant  role  in  deformation  in  coal  blocks  and  the 
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damage  incurred  in  roadways.  If  the  hanging  wall  fails  to 
cave  stress  is  transferred  to  the  coal  causing  crushing  of 
coal  pillars,  increasing  the  unsupported  roof  span,  and 
extending  the  area  affected.  Problems  are  more  acute  in 
areas  of  high  productivity  and  high  methane  content. 

At  the  Hsiechiachi  No. 3  Colliery  in  working  a  5.6  metre 
thick  seam,  dipping  at  23*  and  at  a  depth  of  250  to  500 
metres,  it  was  found  that  loading  on  roadways  caused  severe 
deformation  and  maintenance  problems.  It  was  decided 
therefore  to  locate  main  entries  in  the  footwall  strata  and 
plan  production  so  that  required  roadway  life  was  minimised. 
Development  of  a  panel  adjacent  to  the  panel  under 
extraction  is  only  commenced  when  extraction  of  the  first 
panel  is  near  completion.  By  fast  drivage  techniques  the 
sublevel  is  completed  in  five  days  and  the  resulting  panel 
extracted  in  ten  days.  An  average  production  rate  of  200 
tonnes  per  hour  yields  a  daily  production,  from  each  panel, 
of  2000  tonnes.  This  is  equivalent  to  a  doubled  output  per 
man  shift  (OMS)  and  is  accompanied  by  a  60  percent  drop  in 
timber  consumption  compared  with  former  methods.  The  success 
of  this  method  is  due  to  the  reduction  of  roadway  life  and 
the  fact  that  roof  caving  has  been  initiated  before  the  next 
roadway  is  started.  By  the  time  the  roadway  is  completed  and 
the  new  panel  commences  extraction,  the  roof  has  caved  and 
the  broken  rock  can  support  overlying  strata  thus  relieving 
the  coal  pillars  of  some  of  their  load. 

A  second  technique  to  improve  working  conditions 
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adopted  by  the  Chinese  was  to  change  the  panel  layout  from 
broad  sub-panel  to  narrow  sub-panel.  The  former  is 
equivalent  to  Configuration  3  and  the  latter  to 
Configuration  4  in  the  model  analysis  (Chapter  4).  It  was 
found  that  by  using  this  technique  stress  was  transferred  to 
adjacent  undeveloped  panels  which  were  capable  of  bearing 
stress  without  crushing,  until  the  hanging  wall  caved.  When 
development  was  due  in  these  panels  it  was  found  that  the 
roadways  remained  in  proper  shape  and  a  significant 
improvement  was  obtained  in  production. 

Other  experiments  performed  at  several  other  collieries 
related  to  increasing  support  in  roadways  to  prevent 
closure.  Timber  sets  comprising  a  cross-bar  and  three  props 
were  employed  as  were  yielding  steel  arches.  Also  the 
spacing  between  supports  was  reduced  to  obtain  maximum 
stability.  Drivage  by  drilling  and  blasting  was  replaced  by 
continuous  miners  to  Keep  roadway  wall  damage  to  a  minimum 
and  wooden  bolting  was  used  to  stabilise  the  sides.  Better 
production  planning  reduced  roadway  service  time  and  the 
overall  benefits  of  these  measures  made  the  increase  in 
support  costs  acceptable. 
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unsupported  stopes  and  roadway  spacing.  By  locating  main 
entries  in  the  footwall  strata  (Hsiechiachi  Colliery)  they 
took  advantage  of  the  destressed  zones  observed  in  all  the 
mathematically  analysed  configurations.  In  changing  from 
broad  sub-panel  layout  to  narrow  sub-panel  layout  induced 
stresses  in  the  pillars  were  reduced  and  this  is  seen  by 
comparison  of  Configurations  3  and  4.  These  observation 
suggest  that  on  a  comparative  basis  the  mathematical  model 
is  fairly  reliable  for  predicting  the  location  of  problem 
zones  and  show  how  the  layout  can  be  altered  to  achieve 
maximum  stabi 1 i ty . 


5.3  Observations  at  the  Kaiser  Resources  Hydraulic  Mine 

Operations  at  the  Michel  Colliery  have  been  described 
in  Chapter  2  and  are  similar  to  the  Chinese  operations  in 
layout  and  method  of  working.  Strata  control  studies  were 
initiated  at  this  mine  to  assist  in  planning  for  production 
at  deeper  levels  and  in  the  layout  of  a  new  mine.15  The 
research  program  was  designed  to  establish  support  loads  in 
sublevels,  the  magnitude  of  pillar  deformations,  the  amount 
of  strata  movement  above  and  below  the  sublevel  and  the 
amount  of  convergence  in  the  sublevel. 

The  support  loads  measured  on  arches  located  in  a 
production  sublevel  gave  maximum  loads  of  11  tonnes.  This 
figure  is  difficult  to  relate  to  local  stress  conditions 
since  the  size  and  spacing  of  the  steel  arch  supports  is  not 
specified.  However,  it  was  noted  that  arches  rarely  reached 
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yield  load  which  indicates  that  either  loading  in  the 
sublevel  is  not  severe  or  the  sublevel  is  over  supported. 
Roof  convergence  was  measured  along  the  sublevel  as  the 
block  was  retreated  and  the  maximum  value  of  60  millimetres 
was  achieved  at  the  measuring  point  closest  to  the  monitor. 
Further  back  down  the  sublevel  convergence  was  found  to  be 
smaller.  Strata  movements  measured  by  multi -wire 
extensometers  indicated  a  roof  lowering  of  17.3  millimetres 
at  a  point  36  metres  above  the  sublevel  and  an  uplift  of 
21.5  millimetres  at  a  depth  6  metres  below  the  sublevel. 
These  measurements  corresponded  well  with  the  total  roadway 
closure  which  at  the  same  point  was  45  millimetres.  Pillar 
deformation  measurements  showed  maxima  occurring  at  some 
distance  back  from  the  extraction  face.  In  the  sublevel  the 
maximum  deformation  of  18.5  millimetres  occurred  when  the 
monitor  was  76  metres  away  from  the  station.  This  suggests  a 
stress  transfer  mechanism  that  induces  a  maximum  loading 
some  distance  back  from  the  extraction  face. 

Relating  these  results  to  the  mathematical  model 
analysis  is  difficult  because  the  two  types  of  data  obtained 
cannot  be  readily  compared.  The  researchers  expressed 
surprise  that  the  convergences  and  deformations  were  so 
small  and  also  that  the  area  of  influence  tended  to  be  very 
much  greater  than  would  be  expected  from  a  conventional 
mining  area  within  relatively  thin  seams.  The  principal 
stress  diagrams  generated  by  the  mathematical  model  (Chapter 
4)  show  that  the  area  of  influence  of  the  excavation  on  the 


' 


45 


stress  distribution  is  considerable  (in  excess  of  50  metres 
from  the  excavation).  However  no  other  conclusions  can  be 
readily  drawn  as  to  similarities  between  the  two  analyses. 


5.4  Observations  at  the  Mindola  Mine 

The  sublevel  mining  system  at  the  Mindola  Mine  is  very 
different  from  the  two  mines  previously  described  because  it 
is  a  hard  rock  operation  operating  at  depths  of  650  to  1000 
metres.  However  the  sublevel  layout  and  the  dip  of  the 
orebody  are  similar  and  the  relatively  weak  ore  bounded  by 
hard  quartzite  country  rock  can  be  likened  to  the  coal  seams 
contained  in  the  strong  sandstones  of  the  Foothills 
formations . 

A  number  of  observations  were  made  in  this  mine  to 
discover  highly  stressed  zones,  and  modifications  to  the 
mining  system  were  adopted  to  alleviate  severe  problems.  It 
was  noted  that  above  the  extracted  stope  the  hanging  wall 
roof  beam  would  sag  but  fail  to  cave.  Eventual  failure  of 
this  layer  produces  a  violent  air  blast  that  effects  the 
safety  of  working  places.  This  observation  concurs  with  the 
mathematical  model  analysis  where  in  Configurations  1  and  2 
the  alignment  of  major  principal  stress  trajectories 
parallel  to  the  stope  roof  may  be  responsible  for  its 
reluctance  to  fail.  It  was  further  observed  at  the  Mindola 
Mine  that  stresses  peaked  in  the  hanging  wall  and  footwall 
of  the  pillar  immediately  below  the  uncaved  stope.  This  is 
also  seen  in  the  mathematical  model  where  stress  transfer 
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mechanisms  seem  to  be  similar. 

A  major  problem  noted  at  the  Mindola  Mine  related  to 
blast  holes  drilled  from  a  sublevel  into  the  extraction 
block  above.  All  production  was  achieved  by  drill  and  blast 
techniques  as  opposed  to  hydraulic  breakage  and  this 
required  long  blastholes  to  be  drilled  in  rings  around  a 
production  sublevel.  As  depths  increased  it  was  noted  that 
long  holes  deviated  or  closed  soon  after  drilling.  To  makes 
the  long  holes  functional  they  had  to  be  charged  immediately 
after  drilling  although  they  would  not  necessarily  be 
blasted  for  two  or  three  weeks.  The  high  pressures  and  the 
ground  movements  in  these  blocks  promoted  premature 
detonation  of  some  holes  and  this  occurred  more  frequently 
at  greater  depths. 

This  problem  is  demonstrated  in  the  mathematical 
analysis  where,  especially  in  Configurations  1  and  2,  high 
pillar  stresses  occurred.  The  significance  to  a  sub- level 
operation  is  not  of  course  premature  blast  hole  detonation 
but  crushing  of  valuable  coal  in  the  pillar  and  perhaps  the 
increased  likelihood  of  coal  and  gas  outbursts.  Also  greater 
roadway  maintenance  may  be  required. 


6.  Physical  Model  Studies  in  Steep  Seam  Mining 


6 . 1  Introduct ion 

As  an  integral  part  of  research  into  the  mining  of 
steeply  dipping  thick  seams  physical  model  studies  have  been 
performed  by  other  researchers  within  the  Department  of 
Mineral  Engineering.17  It  was  considered  useful  to  compare 
the  results  of  the  physical  model  studies  with  those  of  the 
mathematical  analysis.  Physical  models  can  provide  a 
qualitative  assessment  of  how  an  excavation  may  behave  under 
gravity  loading  and  suggest  the  location  and  nature  of 
deformations.  The  base  friction  technique  employed  in  these 
studies  has  been  available  for  approximately  ten  years  and 
has  been  modified  and  improved  upon  by  various  investigators 
in  that  period.18  19  In  this  chapter  the  modified  base 
friction  technique  is  described  and  the  results  are  compared 
with  those  obtained  from  the  mathematical  analysis  performed 
by  the  author. 


6.2  Model  Materials 

For  effective  physical  modelling  model  materials  must 
be  chosen  such  that  their  properties  elate  to  those  of  the 
in-situ  strata.  This  is  achieved  by  selecting  materials 
whose  compressive  strength  is  at  a  constant  factor  lower 
than  the  compressive  strength  of  the  rock  material  but  has 
similar  stress-strain  relationships.  Two  model  materials 
were  selected  for  simulation  of  coal  and  sandstone  and  their 
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properties  are  briefly  described  below. 

6.2.1  Coa 1 

Coal  is  modelled  by  a  mixture  of  plaster,  sand  and 
vermiculite.  It  is  compacted  in  layers  to  simulate  bedding 
and  the  mixed  vermiculite  grains  give  a  cleat  texture  to  the 
model  material.  It  is  a  low  density  material  (1114  -  1282 
Kg/cu.m)  and  has  a  low  uniaxial  compressive  strength  between 
0.05  and  0.1  MPa.  The  strength  scaling  factor  of  the  model 
material  to  coal  is  1:160  for  coal  samples  taken  from  the 
No.  4  seam  at  Grande  Cache.  The  uniaxial  strength  of  this 
moderately  hard  coal  is  between  10.0  and  17.2  MPa.  The 
stress-strai n  diagrams  (Figure  59)  of  both  coal  and  the 
model  material  were  found  to  be  sufficiently  similar  to  make 
this  a  valid  modelling  material. 

6.2.2  Sandstone 

For  modelling  sandstone  a  material  composed  of  fine 
sand  and  plaster  was  used.  As  before  it  was  compacted  in 
layers  to  simulate  bedding.  The  material  has  a  fine  grained 
texture  and  a  density  of  1560  -  1672  kg/cu.m.  The  model 

material  has  a  uniaxial  compressive  strength  of  0.58  -  1.03 
MPa  which  when  multiplied  by  the  scaling  factor  of  1:160 
falls  within  the  values  of  sandstone  uniaxial  strength  which 
are  in  the  range  96  -  200  MPa.  The  stress-strain  behaviour 
to  failure  of  the  model  material  is  similar  to  sandstone  in 
that  they  are  both  linear  and  exhibit  brittle  failure 
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(Figure  60).  The  axial  strain  at  failure  of  both  the 
sandstone  and  its  model  material  is  about  one  quarter  of  the 
axial  strain  at  failure  of  the  coal  and  its  model  material. 
Since  the  strength  and  strain  properties  have  been  scaled 
uniformly  the  two  materials  were  considered  suitable  for 
mode  1 1 i ng . 


6.3  Model  Frame  and  Loading  Conditions 

The  base  friction  frame  used  was  built  in  the 
Department  of  Mineral  Engineering  and  has  been  described  in 
detail  elsewhere.20  It  consists  of  a  wooden  frame 
approximately  1.5  metres  by  2.5  metres  containing  a 
continuous  friction  belt  which  is  driven  by  a  small  electric 
motor.  There  is  a  facility  to  incline  the  frame  and  belt  as 
required  (Figure  61).  The  particular  model  described  here 
used  only  the  lower  portion  of  the  frame  since  relatively 
small  scale  tests  were  being  performed.  Another  mod i f icat ion 
adopted  by  the  researchers  was  similar  to  that  developed  by 
Egger . 2 1  He  describes  a  model  in  which  the  material  is 
confined  in  the  third  dimension  (out  of  the  plane  of  the 
model)  by  a  sheet  of  plexiglass  which  is  subsequently  loaded 
by  compressed  air  rams.  This  has  the  effect  of  increasing 
the  normal  reaction  of  the  model  material  on  the  friction 
belt  which  in  turn  increases  the  shear  stress  acting  on  the 
model  material.  In  the  tests  described  here  the  compressed 
air  rams  were  replaced  by  lead  weights  spread  evenly  across 
the  surface  of  the  plexiglass.  Additional  loading  of  the 
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model  material  was  achieved  by  two  other  measures.  Firstly 
the  belt  was  inclined  at  an  angle  of  25  degrees  so  that  a 
gravitational  component  is  added  to  the  shear  stress  induced 
by  the  belt.  Secondly  lead  weights  were  placed  along  the  top 
edge  of  the  model  material  to  add  a  further  load  component 
(Figure  61).  These  measures  are  taken  so  that  higher 
strength  materials  can  be  used  with  failure  still  occurring. 
When  dealing  with  very  low  strength  modelling  materials  it 
has  proved  difficult  to  obtain  constant  material  physical 
proper  ties. 

The  loading  conditions  and  the  structural  configuration 
of  the  model  are  illustrated  in  Figure  62.  The  model 
material  is  confined  horizontally  and  along  the  bottom  edge 
by  rigid  barriers  to  prevent  displacement  in  these 
directions.  The  model  represents  a  45  metre  thick  coal  seam 
dipping  at  30  degrees  between  two  beds  of  sandstone.  Mining 
is  simulated  to  a  depth  of  150  metres  and  three  sublevels 
are  excavated  in  the  seam  by  removing  coal  material  (Figure 
63).  This  layout  is  therefore  similar  to  that  analysed  in 
Configuration  3. 


6.4  Operating  the  Model 

On  completion  of  construction  of  the  model,  with 
removal  of  the  appropriate  coal  material,  the  confining 
barriers  and  plexiglass  sheet  can  be  positioned.  The  lead 
weights  are  then  placed  on  the  plexiglass  and  along  the  top 
edge,  and  the  frame  inclined  at  25  degrees.  The  belt  is  set 
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in  motion  by  the  motor  for  a  few  seconds  and  then  stopped. 
The  effect  on  the  model  is  examined  and  the  result 
photographed.  A  problem  was  reported  at  this  stage  because 
pphotography  of  the  model  required  removal  of  the  lead 
weights  and  the  plexiglass.  This  allowed  some  minor 
deformation  in  the  direction  supposedly  confined  by  the 
plexiglass.  The  deformation  in  this  plane  was  considered  to 
be  so  small,  however,  as  to  be  inigni f icant .  The  model  is 
reloaded  and  the  cycle  repeated  until  no  further  deformation 
is  recorded.  The  deformation  stages  are  photographed  and 
reproduced  in  photographic  plates  1  to  6.  However  since 
definition  is  rather  poor  the  plates  have  been  represented 
as  line  drawings  in  Figures  63  to  68  and  these  are  used  in 
the  following  section  to  assess  the  physical  model  results. 


6.5  Physical  Model  Results 

The  nature  of  the  deformations  obtained  from  the 
physical  model  tests  illustrated  in  Figures  63  -  68  show 
reasonable  agreement  with  the  observations  made  in  the 
operating  mines  and  those  generated  by  the  mathematical 
modelling.  The  results  can  only  be  used  qualitatively  to 
identify  areas  of  potential  instability  and  modes  of  failure 
but  the  method  does  provide  one  of  the  best  visual 
representat ions  of  deformation  induced  by  mining. 
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6.5.1  Deformation  Throughout  the  Structure 

In  the  extracted  zone  the  initial  deformation  is 
considerable  and  predictable.  The  immediate  roof  layers 
separate  along  a  simulated  bedding  plane  to  create  a  roof 
beam.  This  starts  to  sag  and  then  fails  in  tension 
perpendicular  to  bedding  (Figure  64).  This  failure  process 
is  repeated  throughout  the  hanging  wall  zone  to  the  surface 
until  the  void  is  filled  with  caved  material  (Figure  65). 
The  failure  of  the  roof  layers  with  progressive  sagging  and 
final  failure  is  similar  to  that  observed  in  the  Chinese 
hydraulic  mines  (Chapter  5).  Figure  65  illustrates  the  angle 
of  break  generated  by  the  caving  of  the  hanging  wall.  In 
this  case  it  is  found  to  be  65  degrees  which  agrees  very 
closely  with  the  angle  used  in  the  mathematical  model,  68 
degrees,  which  was  derived  from  Hoek' s  criteria  (Chapter  2). 
Along  this  boundary  two  modes  of  failure  are  active.  The 
weight  of  the  unsupported  overhang  results  in  a  tendency  for 
the  hanging  wall  to  try  and  rotate.  This  generates  tensile 
forces  near  the  surface  which  are  seen  in  the  mathematical 
model  analysis.  This  may  lead  to  the  development  and 
propagation  of  tension  cracks  along  the  boundary  (Figure 
69).  Shear  forces  due  to  the  weight  of  the  overhanging  wedge 
may  also  be  active  along  this  boundary  and  their  presence 
will  be  more  noticeable  because  of  the  reduction  in  normal 
force  caused  by  the  rotational  effect. 

A  second  major  deformat i ona 1  feature  seen  in  the  model 
occurs  approximately  50  metres  (scaled)  above  the  pillar 
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between  the  first  and  second  sublevels.  This  feature  is  bed 
separation  and  is  the  result  of  closing  of  sublevels  and 
deformation  of  pillars  in  the  coal  seam.  Bed  separation  was 
recorded  in  the  Kaiser  hydraulic  mine  (Chapter  5)  by 
multi -wire  borehole  extensometer s  at  a  point  36  metres  above 
the  sublevel  so  a  similar  occurrence  in  the  physical  model 
is  encouraging. 

6.5.2  Deformation  Around  the  Sublevels 

The  deformations  around  the  sublevels  and  in  the 
pillars  photographed  in  Plates  4,  5  and  6  and  illustrated  in 
Figures  66  -  68  are  also  observable  in  the  operating  mines 
and  the  mathematical  model.  High  pillar  stresses  noted  in 
Configurations  1,  2  and  3  have  resulted  in  partial  failure 
of  the  pillar  between  the  first  and  second  sublevel 
especially  in  the  footwall.  This  is  evidenced  by  the 
cracking  and  generation  of  powdered  material.  This  effect 
was  also  observed  by  the  Chinese  who  described  pillars  of 
crushed  coal  which  had  very  low  bearing  capacity.  The 
displacements  in  the  pillar  would  also  agree  with  the 
deviations  and  deformations  of  the  blast  holes  noted  in  the 
Mindola  Mine  (Chapter  5). 

Instability  in  the  sublevels  is  also  noticeable  with 
the  uppermost  sublevel  experiencing  total  closure  and  the 
middle  sublevel  showing  deformation  in  the  floor  and 
cracking  in  the  roof.  This  confirms  the  need  for  sublevel 
support  as  is  utilised  in  all  the  hydraulic  mines  studied. 
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The  uppermost  sublevel  experienced  roof  closure  and  floor 
uplift.  Floor  uplift  or  heave  is  experienced  in  many  coal 
mines  of  varying  configurations  and  is  a  result  of  stress 
redi str ibut ion  below  the  excavation.  Due  to  stress  relief  in 
the  floor  vertical  stresses  at  the  excavation  boundary  go  to 
zero  so  that  the  immediate  floor  is  effectively  in  uniaxial 
compression.  This  leads  to  compressive  failure  in  the 
unconfined  direction,  vertically  upwards,  and  gives  rise  to 
floor  heave.  In  many  deep  coal  mines  floor  heave  of  up  to 
one  metre  in  two  or  three  days  is  not  uncommon. 

Severe  disturbance  in  the  sublevels  adjacent  to  the 
workings  was  recorded  in  the  Chinese  hydraulic  mines  with 
lesser  effects  noted  in  the  lower  sublevels.  This  is  also 
seen  in  the  physical  model  and  in  conjunction  with  the  other 
observations  demonstrates  its  validity  for  general 
prediction  of  unstable  zones. 
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7.  Conclusions  and  Recommendations 


This  thesis  represents  a  preliminary  analysis  of  some 
aspects  of  a  mining  technique  that  may  be  utilised  in  the 
extraction  of  steep  seams  in  the  Foothills  and  Mountain 
region  of  Western  Canada.  It  proceeds  with  little  Knowledge 
of  the  properties  of  the  rocks  and  coal  of  the  region,  and 
their  behaviour  under  extraction.  It  indicates  that  there  is 
a  contribution  to  be  made  to  mine  design  and  planning  by 
modelling  techniques.  Mining  of  coal  has  been  practiced 
around  the  world  for  centuries  and  to  a  large  degree  design 
methods  have  relied  on  "rules  of  thumb"  and  trial  and  error 
techniques.  The  capital  intensive  mining  developments  in  the 
remote  areas  of  the  mountain  region  will  require  research 
and  planning  to  reduce  the  risks  and  unknowns  involved  in 
adopting  new  mining  techniques.  The  conclusions  in  this 
chapter  and  the  resulting  reccomendat ions  therefore 
represent  the  author's  opinion  of  how  research  should 
develop  so  that  sublevel  hydraulic  coal  mining  can  be 
practiced  more  efficiently  in  the  future.  Although  published 
material  on  this  method  of  mining  is  scarce  it  would  appear 
from  experience  in  China,  Russia  and  the  single  mine  in 
Western  Canada  that  the  sublevel  method  will  see  wider 
utilisation.  Certain  features  increase  its  safety  over 
conventional  methods  namely  the  elimination  of  explosives, 
the  dust  suppression  provided  by  the  cutting  and  transport 
media,  and  the  removal  of  the  requirement  for  men  to  enter 
the  actual  working  area.  Accepting,  therefore,  that  this 
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method  will  be  employed  the  following  areas  must  be  more 
closely  researched: 

RocK  samples  for  testing  purposes  were  obtained  from 
drill  core  and  were  suitable  for  a  limited  study  such  as 
this.  However  in  an  operating  mine,  where  shafts  and 
development  roads  will  encounter  a  greater  variety  of 
formations  and  greater  accuracy  and  certainty  will  be 
required,  a  more  wide  ranging  test  program  will  have  to  be 
initiated.  Not  only  will  this  require  many  more  samples  but 
testing  will  have  to  be  performed  under  conditions  of 
natural  moisture  and  saturation  to  take  into  account  the 
effects  of  large  quantities  of  water  if  hydraulic  breakage 
is  used.  Investigations  will  also  have  to  look  at  time 
dependant  behaviour  of  both  coal  and  adjacent  strata  since 
permanent  pillars  will  probably  be  used  between  mine  panels 
to  increase  mine  stability.  A  field  testing  program  will 
have  to  be  designed  that  is  related  to  the  mining  method  so 
that  the  maximum  possible  information  can  be  gained  in  the 
sensitive  areas  of  the  excavation. 

The  finite  element  analysis  provides  an  approximate 
appraisal  of  how  stresses  will  be  redistributed  around  the 
excavations  and  identifies  potential  problem  areas.  The 
findings  show  some  agreement  with  reported  observations  in 
operating  mines.  This  method  of  analysis  can  be  made 
considerably  more  realistic  with  more  sophisticated  computer 
programs  if  the  initial  property  data  is  available. 
Non-linear,  elasto-plastic  and  plastic  analysis  and  the 
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simulation  of  joints  and  faults  are  just  some  of  the  options 
available  with  the  finite  element  method.  Reliability  with 
this  Kind  of  analysis  will  only  be  achieved  when  an 
underground  district,  such  as  at  Kaiser  Resources'  mine,  can 
be  fully  instrumented  and  the  resulting  data  used  to  verify 
and  improve  the  accuracy  of  theoretical  techniques. 

The  physical  model  studies  illustrate  the  types  of 
failure  that  are  active  and  where  they  may  occur.  Although 
scaling  of  atrength  and  deformat i ona 1  properties  is 
incorporated  only  a  qualitative  assessment  of  behaviour  can 
be  obtained.  Three  dimensional  physical  modelling  has  been 
employed  for  analysis  around  openings  in  longwall  mines  with 
realistic  results.22  If  physical  modelling  is  to  be 
developed  for  sublevel  mine  analysis,  three  dimensional 
techniques  must  be  used  to  determine  the  interaction  between 
extracted  stopes  and  adjacent  pillars,  and  the  developing 
sublevels  below. 

Any  technique  that  provides  greater  understanding  of 
excavation  behaviour  in  underground  mining  situations  is 
useful.  Both  the  mathematical  and  physical  model  analyses 
have  been  shown  to  be  useful  in  identifying  probable 
locations  in  which  problems  will  occur.  In  the  future  there 
will  be  an  increasing  adoption  of  this  Kind  of  technique 
which  wi 1 1  do  its  part  in  trying  to  reduce  the  risKs 
inherent  in  any  new  mining  venture. 
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FIGURE  1  COAL  DEPOSITS  OF  WESTERN  CANADA  BY  RANK 
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FIGURE  2 .  HYDRAULIC  MINE  SUBLEVEL  LAYOUT 
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TENSION  CRACK 


FIGURE  3.  ILLUSTRATION  OF  ANGLE  OF  BREAK 


FIGURE  4.  ANGLE  OF  BREAK  CHART 
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FIGURE  5  IDEALIZED  SECTION  FOR  MATHEMATICAL  MODEL  ANALYSIS 
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Figure  7.  Finite  Element  Mesh 
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FIGURE  8  CALCULATION  OF  VERTICAL  STRESS  AT  A  POINT 


300 


68 


OJ  OJ 


CD 

LU 

OL 

3 

O 

4—4 

u_ 


Initial  Horizontal  Stress 


300 


69 


OJ  OJ 


figure  10  Initial  Vertical  Stress 
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FIGURE  11 


PLAN  AND  SECTION  OF  CONFIGURATION  1 
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FIGURE  12  LOADING  CONDITIONS  FOR  CONFIGURATION  1 
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FIGURE  13 

HORIZONTAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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FIGURE  14 

VERTICAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 


74 


00*0S2  00-002  00*  0 S I  00*001  00*  OS  CKT  0 

SIXU  A 


75 


FIGURE  16 

HORIZONTAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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VERTICAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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Length  of  arrow  represents 
magnitude  of  principal  stress. 
Inclination  indicates  orientation. 
Arrows  indicate  compression. 
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FIGURE  18  PRINCIPAL  STRESSES  AROUND  THE  EXCAVATIONS 
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FIGURE  19 


CONFIGURATION  1 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 


CONFIGURATION  1 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  21 
CONFIGURATION  1 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  22 
CONFIGURATION  1 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  23 


PLAN  AND  SECTION  OF  CONFIGURATION  2 
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FIGURE  24 


LOADING  CONDITIONS  FOR  CONFIGURATION  2 
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FIGURE  25 

HORIZONTAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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FIGURE  26 

VERTICAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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FIGURE  27  PRINCIPAL  STRESSES  THROUGHOUT  THE  MESH 
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HORIZONTAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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FIGURE  29 


VERTICAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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Length  of  arrow  represents 
magnitude  of  principal  stress. 
Inclination  Indicates  orientation. 
Arrows  Indicate  compress  1  on/ tens i on . 
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FIGURE  30  PRINCIPAL  STRESSES  AROUND  THE  EXCAVATIONS 
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FIGURE  31 
CONFIGURATION  2 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 


92 


CONFIGURATION  2 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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CONFIGURATION  2 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  35  PLAN  AND  SECTION  OF  CONFIGURATION  3 
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FIGURE  36 


LOADING  CONDITIONS  FOR  CONFIGURATION  3 
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HORIZONTAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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FIGURE  38 

VERTICAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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PRINCIPAL  STRESSES  THROUGHOUT  THE  MESH 


HORIZONTAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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FIGURE  42  PRINCIPAL  STRESSES  AROUND  THE  EXCAVATIONS 
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CONFIGURATION  3 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  44 


CONFIGURATION  3 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  45 
CONFIGURATION  3 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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CONFIGURATION  3 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  47 


PLAN  AND  SECTION  FOR -CONFIGURATION  4 
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FIGURE  48 


LOADING  CONDITIONS  FOR  CONFIGURATION  4 
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FIGURE  49 

HORIZONTAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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FIGURE  50 

VERTICAL  STRESS  DISTRIBUTION  THROUGHOUT  THE  MESH 
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HORIZONTAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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VERTICAL  STRESS  DISTRIBUTION  AROUND  THE  EXCAVATIONS 
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FIGURE  54  PRINCIPAL  STRESSES  AROUND  THE  EXCAVATIONS 
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FIGURE  55 


CONFIGURATION  4 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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CONFIGURATION  4 

HORIZONTAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  57 


CONFIGURATION  4 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 
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FIGURE  58 


CONFIGURATION  4 

VERTICAL  STRESS  VARIATION  ALONG  GIVEN  SECTIONS 


COAL 

MODEL  MATERIAL 
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FIGURE  59  STRESS/STRAIN  PROPERTIES  OF  COAL  AND  MODEL  MATERIAL 
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Friction  Belt  Moving  in 
This  Direction 


Lead  Weights 


Friction 

Belt 

Laterally 

•Confining 

Sides 

Vertically 
Confining 
Edge 


Base  Friction  Frame  With 
Confined  Model 


Section  of  Confined  Model 
PLAN  AND  SECTION  OF  BASE  FRICTION  MODEL 


FIGURE  61 


DISTRIBUTED  LOAD  FROM  LEAD  WEIGHTS ' 
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FIGURE  62  PHYSICAL  MODEL  LOADING  CONDITIONS 


SANDSTONE 


FIGURE  63  INITIAL  CONFIGURATION  OF  MODEL 


FIGURE  64 


MODELLED  HANGING  WALL  CAVING 
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FIGURE  65  HANGING  WALL  FULLY  CAVED 


FIGURE  66 


DEFORMATION  AROUND  SUBLEVELS  (1) 
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FIGURE  67  DEFORMATION  AROUND  SUBLEVELS  (2) 


FIGURE  68 


DEFORMATION  AROUND  SUBLEVELS  (3) 


TENSION  CRACKS 


FIGURE  69 


HANGING  WALL  FAILURE  MECHANISM 
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PROVINCE 

MEASURED 

INDICATED 

INFERRED 

TOTAL 

Low  &  Med 

urn  Volatile  Bituminous 

A  1 berta 

Inner  Foothi 1 1 s 

Luscar  Formation.  542,000 

7.426, 500 

3,535,400 

1  1 , 503 . 900 

I nner  Footh ills 

Kootenay  Format  ion . 440, 100 

12, 193,700 

3,831 , 100 

16,464,900 

Alberta  Total  982,100 

19,620,200 

7,366,500 

27.968.800 

British  Col umb ia 

6.943,000 

10,775,000 

40,480. 100 

58,198, 100 

RANK  TOTAL 

7 , 925 . 100 

30,395 , 200 

47 . 846.600 

86. 166,900 

High  Volatile  Bituminous 

A 1 berta 

Outer  Foothi 1 1 s 

6,278,600 

3,043.700 

9,322,300 

British  Columbia 

45 , 600 

100,400 

172,900 

318, 900 

RANK  TOTAL 

45 , 600 

6.379.000 

3,216,600 

9,641 ,200 

Subb i turn i nous 

A  1 berta 

1,221 .800 

6, 197.300 

2 . 530,000 

9,949, 100 

L i gn i t i c 

British  Col umb  i  a 

340,000 

300 , 000 

300 , 000 

940,000 

Saskatchewan 

291 .500 

7.024.000 

4,698.400 

12,013,900 

RANK  TOTAL 

631 .500 

7 , 324 ,000 

4.998,400 

12,953,900 

GRAND  TOTAL 

9,824,000 

50,295 . 500 

58,591 ,600 

118,711,100 

TABLE  1 

COAL  RESOURCES  OF  WESTERN  CANADA  BY  RANK  AND  PROVINCE 
(Thousands  of  Short  Tons) 


(Dames  and  Moore:  1978) 
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PETROGRAPHIC 

DESCRIPTION 

PROPORTIONAL 

THICKNESS 

SEAM 

Soft  f 1 aky  vi train 

6  i  ns 

4.8 

Durain,  banded 

6  i  ns 

4.8 

C 1  ara i n 
( vi trainous ) 

1  ft 

9.5 

C 1  arai  n 
( durai nous ) 

1  ft 

9.5 

Interbanded 
vi train ,  clarain, 
durain  wi th 
dispersed  fusain 

1  ft  6  ins 

14.3 

Clarain  (firm) 

2  ft  6  ins 

23.7 

Clarain 
( vi trainous ) 

6  i  ns 

4.8 

Durain  banded 
with  clarain 
and  fusain 

1  ft  6  ins 

14.3 

Clarain  ( firm) 

6  i  ns 

4.8 

Vitrain  (soft) 

6  i  ns 

9.5 

TABLE  2 


PETROGRAPHIC  DESCRIPTION  OF  A  TYPICAL  WESTERN  CANADIAN  SEAM 
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SAMPLE  No. 

ROCK  TYPE 

COMPRESSIVE 

STRENGTH 

(MPa) 

YOUNG' S 
MODULUS 
(MPa) 

POISSON' 

RATIO 

1 

Banded 

C 1  ays  tone 

58.5 

29200 

0.41 

2 

Lami nated 

Si  1 tstone 

46.3 

23200 

0.50 

3 

Sandstone 
Coarse  gr . 

196.4 

34000 

0.22 

4 

Sandstone 
Fine  gr . 

221.1 

64000 

0.166 

5 

Lami nated 

Si  1 tstone 

135.5 

36500 

0.31 

Table  3  Uniaxial  Test  Results  Summary 
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SAMPLE  ROCK  TYPE 
No . 


1 

Silty 

C 1  ays  tone 

2 

Silty 

C 1  ays  tone 

3 

Si  Ity 

C 1  ays  tone 

4 

C 1  ays tone 

5 

C 1 aystone 

6 

C 1 aystone 

7 

C 1 aystone 

8 

C 1 aystone 

9 

C 1 aystone 

10 

Si  1 tstone 

1 1 

Si  1 tstone 

17 

Coarse 

18 

Grained 

19 

Sand- 

20 

Stone 

CONFINING 

PRESSURE 

FAILURE 

LOAD 

(MPa) 

(MPa) 

10.34 

221.8 

20.68 

250.3 

31.02 

260.9 

6.89 

180.24 

6.89 

77.80 

13.78 

209.13 

20.68 

229.30 

27.58 

250.74 

34.47 

270.37 

6.89 

112.10 

13.78 

153.70 

13.78 

323.50 

25.58 

402.80 

20.68 

325.10 

6.89 

290.40 

INTERNAL  COHESION 
FRICTION 
ANGLE 

(MPa) 


28  20 


32  30 


42  15 


50  30 


Triaxial  Test  Results  Summary 


Table  4 


. 

SAMPLE  No. 

CONFINING 

FAILURE 

INTERNAL 

COHESION 

PRESSURE 

PRESSURE 

FRICTION 

ANGLE 

(MPa) 

(MPa) 

(MPa) 

1 

6.89 

48.05 

2 

13.79 

78.08 

3 

20.69 

56.40 

19 

0 

4 

27.58 

105.70 

5 

34.48 

96.45 

6 

41.38 

111.72 

Coal  Triaxi 

al  Data 

Uniaxial  Data 

COMPRESSIVE  YOUNG'S  POISSON'S 

STRENGTH  MODULUS  RATIO 

( Average ) 

(MPa)  (MPa) 

10.13  2034  0.35 


Table  5 


Coal  Test  Data 


. 
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Plate 


Initial 


Configuration  of  Model 


Plate 


Mode  1  1  ed  Hang i  ng  Via  1  1  Caving 


.1 32 


Plate  3  Hanging  Wall  Fully  Caved 


.133 


D1ate  6  Deformation  Around  Sublevels  (3) 


APPENDIX  I 


STRENGTH  TEST  DATA 
STRESS/STRAIN  PLOTS 


MOHR  CIRCLE  DIAGRAMS 


AXIAL 

LOAD 

MN 

0.00000 
0.00266 
0.00534 
0.00854 
0.01068 
0.01601 
0.02135 
0.02669 
0.03203 
0.03737 
0.04270 
0.04804 
0.05338 
0.05872 
0.06405 
0.07473 
0.08007 
0.08541 
0.09074 
0.09688 
0. 10142 
0.10676 
0.  11209 
0. 11743 
0. 12277 
0. 12811 
0.  13345 
0.  13878 
0.14412 
0. 14946 
0.  15479 
0. 16014 
0.  16547 


AXIAL 

STRESS 

MPa 

0.000 
0.925 
1  .858 
2.971 
3.715 
5.569 
7.427 
9.284 
11.142 
12.999 

14.853 
16.711 
18.568 
20.426 
22.280 
25.995 

27.853 
29.710 

31.564 
33.700 
35.279 
37.137 

38.991 
40.849 

42.706 

44.564 
46.421 
48.275 
50.133 

51.991 
53.845 

55.706 
57.560 


AXIAL 

STRAIN 

mm/mm 

000 

137 

209 

274 

313 

398 

481 

562 

627 

702 

764 

836 

902 

960 

1018 

1146 

1208 

1268 

1332 

1390 

1456 

1523 

1577 

1640 

1705 

1771 

1835 

1902 

1966 

2028 

2091 

2161 

2225 


LATERAL 

STRAIN 

mm/mm 

000 

-  46 

-  55 

-  59 

-  58 

-  51 

-  41 

-  23 

-  11 
10 
31 
52 
72 
92 

113 

160 

185 

209 

236 

260 

295 

328 

357 

394 

434 

470 

520 

565 

620 

683 

760 

876 

1013 


TEST  RESULTS  UNIAXIAL  SAMPLE  1 


. 

AXIAL 

AXIAL 

LOAD 

STRESS 

MN 

MPa 

0.00000 

0.000 

0.00534 

1.851 

0.01068 

3.703 

0.02135 

7.402 

0.02802 

9.715 

0.03203 

11.102 

0.03737 

12.957 

0.04324 

14.992 

0.04857 

16.839 

0.05365 

18.601 

0.05872 

20.358 

0.06405 

22.207 

0.06939 

24.058 

0.07553 

26. 187 

0.08007 

27.761 

0.08487 

29.425 

0.09074 

31.460 

0.09608 

33.312 

0. 10142 

35.  163 

0. 10676 

37.015 

0.11209 

38.863 

0. 11796 

40.898 

0.12277 

42.566 

0. 12811 

44.417 

0. 13345 

46.269 

AXIAL 

LATERAL 

STRAIN 

STRAIN 

mm/mm 

mm/mm 

000 

000 

278 

-  30 

482 

-  29 

735 

8 

854 

40 

936 

63 

1023 

90 

1110 

129 

1195 

170 

1281 

212 

1350 

269 

1435 

326 

1504 

380 

1580 

452 

1654 

505 

1720 

574 

1791 

662 

1874 

753 

1919 

828 

1988 

934 

2051 

1043 

2097 

1161 

2158 

1334 

2215 

1400 

2225 

810 

TEST  RESULTS  UNIAXIAL  SAMPLE  2 


AXIAL 

LOAD 

MN 

0.00000 
0.00534 
0.02135 
0.04270 
0.06405 
0.08541 
0. 10676 
0. 1281  1 
0. 14946 
0. 17081 
0.19216 
0.21351 
0.23487 
0.25622 
0.27577 
0,29892 
0.32027 
0.34162 
0.36297 
0,38433 
0.40568 
0.42703 
0.44838 
0.46973 
0.49108 
0,51243 
0.53379 
0,54980 
0.56048 


AXIAL 

STRESS 

MPa 

0.000 

1.851 

7.403 

14.805 

22.208 

29.611 

37.014 

44.416 

51.819 

59.222 

66.624 

74.027 

81.430 

88.833 

96.236 

103.638 

111.041 

118.444 

125.846 

133.249 

140.652 

148.055 

155.457 

162.860 

170.263 

177.666 

185.068 

190.620 

194.322 


AXIAL 

STRAIN 

mm/mm 

000 

48 

207 

431 

690 

926 

1176 

1431 

1657 

1885 

2120 

2336 

2444 

2780 

2989 

3199 

3619 

3832 

4040 

4254 

4465 

4690 

4912 

5146 

5355 

5812 

5926 


LATERAL 

STRAIN 

mm/mm 

000 

5 

17 

38 

61 

81 

109 

136 

165 

195 

232 

268 

304 

342 

385 

426 

471 

520 

567 

622 

682 

743 

808 

875 

959 

1035 

1145 

1228 

1280 


TEST  RESULTS  UNIAXIAL  SAMPLE  3 


AXIAL 

AXIAL 

LOAD 

STRESS 

MN 

MPa 

0.00000 

0.000 

0.01068 

3.761 

0.02135 

7.521 

0.03203 

11.282 

0.04270 

15.043 

0.05765 

20.308 

0.06405 

22.564 

0.07473 

26.325 

0.08541 

30.086 

0.09608 

33.846 

0.10676 

37.607 

0.  13345 

47.009 

0.  16014 

56.411 

0.18683 

65.812 

0.21351 

75.214 

0.24020 

84.616 

0.26689 

94.018 

0.29358 

103.419 

0.32561 

114.702 

0.34696 

122.223 

0.37365 

131.625 

0.40194 

141 .951 

0.42703 

150.428 

0.45479 

160.206 

0.48041 

169.232 

0.50710 

178.634 

AXIAL 

LATERAL 

STRAIN 

STRAIN 

mm/mm 

mm/mm 

000 

000 

58 

13 

116 

23 

176 

33 

236 

44 

320 

57 

354 

63 

417 

73 

477 

85 

547 

95 

596 

104 

750 

131 

898 

157 

1042 

186 

1200 

215 

1338 

239 

1483 

270 

1629 

299 

1804 

317 

1973 

320 

2116 

342 

2280 

369 

2425 

385 

2576 

425 

2728 

453 

2884 

485 

TEST  RESULTS  UNIAXIAL  SAMPLE  4 


AXIAL 

LOAD 

MN 

0.00000 
0.02669 
0.04270 
0.05338 
0.06405 
0.07473 
0.08541 
0.09608 
0. 10676 
0. 11743 
0.12811 
0. 13878 
0. 16014 
0. 17348 
0. 18683 
0.20017 
0.21351 
0.22419 
0.23487 
0.24554 
0.25622 
0.26689 
0.27757 
0.28824 
0.29892 
0.30960 
0.32027 
0.33095 
0.34162 
0.35230 
0.36297 
0.37365 
0.38433 


AXIAL 

STRESS 

MPa 

0.000 
9.284 
14.854 
18.568 
22.282 
25.995 
29.709 
33.423 
37.136 
40.850 
44.563 
48.277 
55.704 
60,346 
64.988 
69.630 
74.272 
77.986 
81.699 
85.413 
89.127 
92.840 
96.554 
100.268 
103.981 
107.695 
111.408 
115. 122 
118.836 
122.549 
126.263 
129.976 
133.690 


AXIAL 

STRAIN 

mm/mm 

000 

164 

276 

355 

440 

535 

648 

755 

860 

965 

1066 

1172 

1385 

1522 

1631 

1776 

1905 

2010 

2100 

2216 

2311 

2419 

2515 

2619 

2728 

2807 

2925 

3037 

3155 

3265 

3372 

3465 

3550 


LATERAL 

STRAIN 

mm/mm 

000 

64 

109 

139 

163 

191 

216 

243 

269 

296 

322 

348 

404 

440 

476 

514 

557 

590 

619 

660 

694 

733 

772 

810 

869 

909 

958 

1007 

1072 

1120 

1178 

1231 

1335 


TEST  RESULTS  UNIAXIAL  SAMPLE  5 
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Uniaxial  Sample  No.  1 
Young’s  Modulus 
E  =  2.92  x  104  MPa 
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Uniaxial  Sample  No.  1 
Poisson’s  Ratio 
v  =  0.41 


Axial  Strain  (jum/m) 
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Uniaxial  Sample  No.  2 
Poisson’s  Ratio 
v  —  0.5 


500 


2500 
— -  > 


140 

130 

100 

80 

60 

40 

20 

0 


144 


1000  2000  3000  4000  5000 

Axial  Strain  (jum/m)  - ► 
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Uniaxial  Sample  No.  4 
Young’s  Modulus 
E  =  6.4  x  104  MPa 
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500 


1000  1500  2000 

Axial  Strain  (/* m/m) 


2500 

— ► 


300 

200 

100 
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Uniaxial  Sample  No.  4 
Poisson’s  Ratio 
o  =  0.16 


1000 


2000  3000 

Axial  Strain  Gum/m) 


4000  5000 
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Effective  Normal  Stress  (MPa) 


Coal  Triaxial  Tests  - 
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Claystone  Samples  4  - 


153 


(BdlAl)  Ml6u0JiSJB0LjS 


150  200  250  300  350  400 

Effective  Normal  Stress  (MPa)  - ► 


200 


154 


o 


an  o  *0 


(BdlAj)Ml6u0j;sJBaMS 


Effective  Normal  Stress  (MPa) 


Sandstone  Samples  17-20 

Triaxial  Strength  Tests  -  Mohr  Circle  Analysis 

Angle  of  Internal  Friction  =  50° 

C  =  30  MPa 


155 


o 

o 

CM 


(BdlAl)  Ml6u0j;s  JBeijs 


o 


*50  200  250  300  350  400 

Effective  Normal  Stress  (MPa)  - 


APPENDIX  II 
SAMPLE  CALCULATION 
OF  LOADING 


CONDITIONS 
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The  load  to  be  applied  at  each  nodal  point 
on  the  boundary  of  an  excavation  was  calculated  by 
the  following  graphical  method. 


£ 

6 


The  magnitude  of  the  vertical  stress  at  each 
node  is  obtained  from  the  initial  stress  distribution 
and  is  represented  by  the  line  AB.  The  area  of 
loading  for  each  node  extends  either  side  of  the  node 
to  the  midpoints  between  the  adjacent  nodes.  The  average 
stress  along  the  area  under  consideration  is  multiplied 
by  the  area  to  give  the  load  on  that  node, 
e.g.  node  155 

2 

Area  =2.5x1=  2.5m 
Average  Stress  =  5.15  MPa 
Load  =  5.15  x  2.5  =  12.875  MN 

This  process  is  repeated  for  all  the  nodes  and  the 
horizontal  loads  on  the  other  faces  are  calculated  in  a 
similar  manner. 


CONFIGURATION  1 


STRESS  DATA  :  CONFIGURATION  1 


160 


< 


LU 

X 


x-  CM  T 

r-  cm  n 
CD  IX>  CM 


'INN 
rr  m  a) 
in  xr  r- 


t-  XT  CM 

O  co  in 

O  CO  ^ 


O'  x-  xj- 
xr  — 
O  CM  CN 


M  O  <J 

cd  —  n 

0)  O  v 


ID  CM  x- 

cd  in  r- 
in  O  cd 


n  co  ffl 
O  cd  in 
O  O  in 


r-  —  co 

CM  CD  ID 
ID  O  ID 


cd  m  co 

—  CM  CO  CM 
O  ID  CD  00 


CD  00  O  t" 

00  O  O  CM 
CD  O  O  00 


CD 

in 


•>-  in  cd  xt  in  xt 
xr  cd  f~  cm  -<3-  in 

CD  ^  ^  CD  CD  O) 


O  xj  r-.  n 
O  ct>  O  in 
O  in  co  oi 


oo 

co 


CDCDt^CDOOlOOCO 

cocococor^cocDco 


CD  !■" 
CD  CO 


CD  CM  00  n-  ID 
C'  c**  co  co  co 


id  in  in 
co  co  CD 


XT 

CD 


cd  in  n-  in  in 
CD  c~  co  CD  CD  oo 


cd  in  >3-  o  O  CD 
co  co  co  r~  in  co 


CD  XT  xt 
CD  CO  CO 


CD  CM  'T 
co  co  r~ 


CO  O  CD  CD 
CO  CD  CD  CD 
I 


CO 

CO 

I 


CD 

05 

•O' 

oo 

o 

CN 

CD 

CO 

in 

o 

CN 

in 

«*- 

CD 

CN 

CD 

CD 

CN 

co 

in 

CO 

CD 

CN 

CN 

CM 

CO 

in 

CO 

in 

CO 

in 

o 

O 

CM 

CD 

G) 

CO 

r- 

CN 

<X> 

GO 

co 

00 

in 

in 

O' 

in 

CM 

0) 

co 

CO 

in 

CM 

in 

r- 

co 

in 

o 

CO 

r- 

CM 

co 

CO 

co 

co 

r- 

in 

in 

CN 

CO 

co 

O 

IX> 

CO 

<X> 

CO 

co 

*0“ 

o 

co 

CO 

CO 

CM 

CD 

o- 

co 

CD 

co 

10 

CD 

C- 

co 

CD 

co 

o 

in 

f- 

in 

o 

in 

CM 

r- 

in 

in 

in 

CO 

CN 

CN 

X- 

o 

0 

2 

CM 

— 

- 

o  o 

CN 

CM 

- 

- 

x- 

o  o 

0. 
2  . 

CM 

CN 

— 

x- 

0. 
2  . 

CN 

CM 

CN 

x- 

z 

■  0 
0 

CM 

CM 

CN 

CM 

cd  ocMCMCDineoOcDr-cocoinininincDf~cMCDiDCMcor~  —  Of-cDCMCMincocMinOiMf-CDOinincoOin 

C5  ’JCD'r'Ojr'CD^'CD^cD'^incMCDCDCDincoOf^cDOcMCMinocDoor'CD'C'TOcD'c-cDin'-'^cDinTjTj- 

<-<  cnmcococMCMcor-'CMCDCDt'~OOincocDr'-CDCMcoO'-a)CDcMcop-'CMOcDcocJ5CDCD'-inocD'TCDf'*iD 

CD  .  . 

CMCM^OOOCMCMCM»-OOOCDCM'^^OOOOOCDCMeMCM'-OOOCMCMCMCM'<-OOOCMCMCMCMCM 

I  >  II  I  I 


<*- 

CN 

O  CD 

CO 

in 

CN 

CN 

O  CD 

CO 

O  in 

CO 

CD 

CD 

o 

CO 

CD 

in 

CD 

CD  O 

CO 

CD 

CN 

in 

'O' 

<0 

CD 

CO 

o 

in 

CD 

CN 

CO 

e> 

in 

CO 

CM 

CO 

CO 

•*“ 

CO 

CN 

in 

CD 

in 

CM 

in 

0) 

ID 

CO 

•»- 

CD 

co 

O 

CN 

CN 

CO 

o- 

CD 

CO 

CO 

co 

CN 

r- 

in 

co 

CN 

LO 

CN 

CD 

O  CM 

J-H 

l/) 

in 

O  CM 

'O' 

LO 

CD 

ID 

CD 

CN 

CO 

CD 

ID 

00 

o 

CN 

<0 

CD 

CD 

CD 

CO 

O  CD 

CN 

CM 

CN 

in 

CM 

CD 

•O' 

r^* 

CD 

o 

in 

•0- 

CO 

CD 

in 

co 

X- 

*1“ 

CD 

in 

"O' 

CN 

6 

X- 

CD 

m 

CO 

CN 

O 

X- 

CD 

CD 

ID 

in 

co 

X- 

00 

00 

r- 

ID 

'O 

CN 

o 

X- 

CO 

r** 

GO 

III  I  I  I 


>  o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  oooooooo  ooo 

x  o  o  o  o  o  o  o  o  o  o  c  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  oooooooo  ooo 

O  •^•^'-’-CMCM'-^'-'-'-CMCMCMCMCMCMCMCMCM'-’-CDin^-CDCMCMCMCMOtDlD'^’CDCDCM'-'-OCDin'- 


cn  OOOOOOOO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I  III 


O  cc 

CD 

CN 

O 

O  CD 

in 

CO 

**- 

O  co 

(D 

in 

CO 

CN 

•<-  O  CD  00 

CD 

CN 

'O' 

'O' 

CN 

in 

co 

CO 

CD 

CD 

oo 

>* 

CO 

CM 

ID 

o 

•*- 

in 

CD 

CO 

f-  TT 

CO 

in 

CN 

CD 

ID 

co  -r- 

*?“ 

CD 

CM 

ID 

CN 

in 

o 

in 

CD 

CO 

CM 

ID 

CD 

O' 

CN 

CJ 

in 

r- 

O  CM 

CO 

CD 

ID 

0) 

CM 

CO 

r- 

O  CD  O 

CN 

m 

ID 

00  O  O  CM 

CN 

CM 

CN 

in 

r- 

o  - 

CN 

CD 

O' 

O' 

ID 

O) 

O 

in 

(D 

CO 

1/) 

00 

u> 

in 

CO 

- 

o 

CD 

in 

CN 

0. 
0, 
8 
7  . 

in 

CO 

CM 

0 

0. 

9 

8 

I*' 

CD 

in 

co 

▼** 

8 

0 

CO 

r- 

ID 

■O' 

2 

0 

0 

8 

c- 

CO 

I 


CM 

O' 

in 

CM 

o 

CN 

CD 

o 

CO 

CD 

o 

CM 

TC 

in 

CO 

CN 

ID 

X 

■O- 

CD 

■O' 

CD 

in 

o 

ID 

CN 

r- 

CM 

CM 

o 

CD 

•O' 

r- 

CD 

CN 

in 

CN 

o 

CD 

in 

eo 

CO 

CN 

in 

CO 

CN 

co 

CO 

CD 

ID 

o 

in 

so 

co 

CO 

CN 

CO 

IS) 

CN 

CN 

o 

o 

T- 

CN 

CN 

CN 

- 

o 

o 

-- 

CO 

CN 

x- 

X- 

o 

o 

o 

o 

O  CM  00  XT  O  ID 
O  XT  CD  CD  CM  XT 


f~  cm 

0)  in 


O  00  05 

O  ■'J  in 


c~  cm  x-  CD  CD  CD 


O-^CDCDOr^incD'^r' 

CMD“CMCMO^P(Dt--CDxT 

’TCDCMinocD'^’CDr'CD 


CDCMCMCM’-OO’-CMCMCM 
I  I 


CM 


OO'-CMCMCMCMCM 
I  I 


o 

tx 

o 

o 

CJ 

> 


ooooo  oooooo  oooooooo  ooooooo  ooooooo  ooo 

ooooo  oooooo  oooooooo  ooooooooooooooooo 
ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

id  cm  co  ^  O  CDCDtn’-n-O  cDCMincO’-rrr-o  co  id  CD  cm  co  xr  O  cm  xt  cd  m  *-  i'-  O  cm  id 

x-  CM  CD  CM  CM  CD  ■'-•'-'“CMCMCMCD  x-  x-  CM  CD  •*“  CM  CM  CD 


o 

DC 

o 

o 

O 

X 


oooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooo 

DOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


50 . OOO 


STRESS  DATA  :  CONFIGURATION  1  cont 


161 


[D 

o 

LO 

0) 

LD 

in 

01 

CO 

in 

in 

y 

to 

o 

00 

O) 

CM 

in 

cd 

ao 

c- 

CM 

in 

in 

y 

CD 

< 

CD 

O 

CM 

0^ 

CD 

O 

CM 

in 

CD 

in 

cd 

T- 

01 

CD 

CD 

o 

01 

01 

o 

CD 

CM 

CM 

o 

CO 

o 

CD 

CM 

■*“ 

y 

o 

o 

IS 

CM 

<r“ 

0) 

co 

cn 

in 

in 

ID 

CM 

IS 

01 

y 

CM 

y 

o 

I 

CO 

o 

l£> 

cd 

CM 

y 

y 

CO 

10 

cd 

CO 

CO 

CO 

r- 

CM  O 

r- 

co 

to 

6 

c- 

r- 

o 

CM 

h- 

CO 

1 

G) 

CO 

CO 

CO 

co 

CO 

CO 

c* 

10 

CO 

1 

CO 

1 

CO 

1 

co 

CD 

CO 

co 

co 

i 

CO 

CO 

co 

c- 

r- 

CO 

CO 

{Na>a>or-iniDO)<ni£>t-a)r--cNO 
oioir^r'-inoioioio®®  —  ooif- 
ininoicoci'TOiinin'rOcNincoiD 


•'jcMco'?oioit'-r-~iDr^(D<D(Dr~in 

®coc~t'-r-~incococor-cccocococo 

'-ii  i  i  i'i 


*— 

IS 

in 

o 

— 

in 

co 

CM 

— 

CO 

o 

CM 

CO 

CM 

CD 

IS 

CD 

IS 

y 

CM 

in 

CD 

CM 

CM 

in 

CM 

CM 

in 

C  y 

CO 

O  CM 

O  r- 

10 

D 

10 

y 

in 

y 

y 

CD 

CD 

IT/ 

s 

CO 

CD 

01 

CD 

r- 

in 

"T 

01 

9- 

® 

o 

in 

CO 

CM 

in 

CO 

10 

CD 

01 

to 

in  in 

CD 

to 

O  0) 

co 

10 

y 

in 

< 

y 

y 

CD 

co 

in 

y 

CM 

o  to 

oi 

ID 

y 

CM 

CM 

o  o 

CD 

y 

CM 

co 

s 

in 

y 

in 

in 

CD 

01 

in 

CM 

CD 

y 

ID  — 

CM 

y 

ID 

ID 

CM 

CM 

CM 

CM 

— 

— 

— 

- 

- 

0 

0 

2 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

- 

- 

*- 

- 

- 

0. 
0. 
0. 
2  . 
2  . 
2  . 

z 
■  z 

CM 

CM 

CM 

CM 

oi  '--n*-iiiMWOwo)’-^0 
is  r^cor-iDf^^iDiDoioiiD’s-t-' 
i—  oicNin'TOioit''  —  cmoioidoi 

l/l  . 

NWWW>-*-OOOOOWN 

I  I 


ICOtOMMCOMNOOBHCnO) 

OlOn’-'jOHBOiTfficn'-inrHj 

O'Tinn'-ooONPiciioiMt^ 


CNCNCMCNCNCMCMCNCMCM  —  —  —  —  — 


Lnir)tDt--cNO^-,3'r)TroicNro'-oo 
O^cnco  —  oOcoincor^iDinin  — 
0^0  —  cm  —  oiinr'-  —  t^iDdiO'1? 


—  OOOOO  —  —  —  cm  —  —  —  — 

i  i 


■*- 

CM 

CD 

CM 

ID 

in 

y 

in 

ID 

CM 

C5 

01 

ID 

r- 

in 

CD 

in 

in 

y 

l— « 

CM 

CM 

to 

y 

ID 

co 

in 

h* 

ID 

in 

y 

CD 

CM 

■*- 

'j’--Off)iDroicncnp(j) 
OiDCNOiinoioiininco'TCM 
oiidO  —  inr-ciiDCM  —  ti-- 


OOCOt-'lDlDlDlDIDlDlDID 

i 


OoiincocNt-cMcoiDOr'- 
—  a)CMCMCMr~t-~iDt^o>oi 
cmidcmid  —  iDoi'-iniDt~ 


t^O'S-h'ODrrr-CNiisr')  — 
’-O’-^eoooincNeo's-n 

OlTCNCMIDOl  —  CM-  Olf^ 


OOlDlDlDf^lDlDlDIDID 

I 


>  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

x  o  ooooooooooooooooooooooooooooooooooooooooo 

O  —  Ooiininoioi'j'TOicN  —  —  —  cNiDr^iDCM  —  oiccoioicot^in'TOi'S-ininoicMCMCMOi  —  oioicicM't 


in  0000000000000000000000000000000000000-00000 

II  III  II  I  I  I  I  I  I 


o 

CD 

CD 

ID 

in 

‘D’ 

CD 

CM 

01 

CO 

O  oi 

01 

^y 

01 

CO 

^y 

O  oi 

s 

01 

y 

CD 

CM 

—  in 

a 

O  O  <D 

CM 

CO 

in 

> 

o> 

y 

CO 

in 

CM 

0) 

to 

CD 

CO 

in 

co 

•D- 

to 

r*** 

^y 

O  O' 

O  CM 

r-* 

01 

<*» 

CD 

CM 

01 

ID 

oi  O 

CD 

y 

CD 

O  ID 

CD  o 

CD 

CM 

CM 

r- 

in 

^y 

ID 

ID 

CO 

o  o 

m 

01 

m 

r- 

o  in  o  y 

01 

in 

CD 

<r- 

m 

m 

10 

COON 

CM 

ip 

CM 

CD 

in 

C- 

ID 

in 

CD 

CM 

0. 
0. 
8 
7  . 

ID 

ID 

IS 

ID 

ID 

(D 

ID 

ID 

6 

6 

in 

y 

y 

y 

y 

CD 

CM 

- 

3 

0 

0 

ID 

to 

(D 

ID 

ID 

to 

IS 

ci  --  cm  O  in  —  f-  oi  cm  id  O  id  cm 
x  r-eocr)CN*?r-rocNir5CNO,3-r' 

o  nNinirofit'M'-nicufln 


l/l  CM  CM  CM  CM  CM  —  O  O  O  O  O  CM  CM 

I  I  I 


ccmOffir'-iDrMt-'J'CN  —  o  co  c-  in 
OlOCMCMOlOlD  —  mooiOO  -  CM 
O  f  cm  »-  O  —  oi  ^  —  —  oi  t-  in 


OMCMCMCMCMCMCMCMCMCMCMCM  —  —  — 


'Tf'-OlCMIDOlDOl'-COOlCM  —  01  CO 
wo)cMincNO'r,a)NCMO)coP'inMr 

O^r  —  O  —  roCTiinr^'Ji^^rMO'^ 


—  OOOOO  —  —  —  cm  —  —  —  —  — 

i  i  i 


o 

DC 

O 

o 

u 

> 


ooooooooo 

ooooooooo 

ooooooooo 


o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o  o 


oooooooooooooooo 

oooooooooooooooo 

oooooooooooooooo 


oooooooooooo 

oooooooooooo 

OOOOOOOUiOinOlf) 


ooooooooooooooo 
oi^riDOicMinco  —  ^i"-0  oi  id  a> 
—  CM  CM  CM  01 


OOOOOOininininininininoOOOOin 
0)0  —  r-  co  oi  oi  O  —  cm  oi  mt  in  id  co  —  r-  O  co 
'-'-'-'-'-'-'-'-CMCMCMrO 


Ornot-OcMmi- 

aiKOcorooirocD 


o 

a 

o 

o 

CJ 

X 


onnnooOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOininininin 

r-iriririoriooooOOOOOOOOOOOOOOOOOOOOOOOOinininint^r^t-'r'-t^ 

^^ininininininininicir~*''r-t'-r^r--r^cococococococo(x>cocococococorococococococooococDoo 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


162 


<7 

ro 

o 

CM 

a 

a 

— 

CO 

^7 

•*- 

CO 

^7 

a 

<7 

*7 

77 

a 

•a 

CO 

CM 

0) 

Cl 

CO 

•O- 

a 

a 

r- 

CD 

CN 

•*— 

w~ 

77 

in 

in 

l D 

0) 

in 

a 

in 

TT 

r- 

a 

CO 

^7 

a 

in 

a 

a 

in 

CO 

CO 

o 

CM 

a 

in 

CO 

m 

in 

^7 

^7 

in 

CO 

m 

a 

a 

*- 

r- 

o 

77 

o 

ID 

CO 

00 

CO 

CO 

CO 

CO 

a 

CO 

a 

CO 

CO 

a 

a 

r- 

GO 

a 

CO 

r- 

ONaiNiri’-fflOnifi-inMffi'-’- 

OoocNcnnn  —  O'jccco'-coino  — 


r-  n  a  —  O 
d-  a  a  a  O 


i  i  i  i 


Oo(\ttirooi'JOi5co'7ffl«o 

r-ncocoacocococo!''r~cor-iDco 

’-ii  i  i  i  i  i  i  i  i 


a  cm  cd  in  id  co  O 
r-  r-  a  r~  a  a  a 

i  i  i  i  i  i 


a 

CN 

■*- 

CO 

r- 

77 

00 

a 

CN 

*7 

CO 

77 

a 

CM 

CN 

tt 

77 

d-  a 

77 

a 

cn  o  a 

h- 

a 

CM 

r-  co 

*7 

o 

CO 

CN  CM 

0) 

*7 

77 

•*7 

CO 

o 

CO 

77 

CO 

o 

a 

CO 

a 

CO 

CM 

CN 

CM 

a 

CO 

a 

CO 

O  a  cn 

CN  CO  ^7 

a 

r- 

O  n 

00 

CN 

0) 

*7  O 

O 

ID 

77 

in 

a 

o 

CO 

o 

0) 

o 

CnJ 

in 

r- 

a 

CO 

a 

m 

*<7 

m 

a 

CN 

a  T  CN 

a 

O  t  a 

77 

co 

0)  CO 

CN 

a 

O  7T 

CM 

a 

a 

CN 

CN 

CM 

** 

CM 

CM 

CN 

CM 

CN 

CM 

CM 

CN 

T- 

<- 

-r- 

»- 

odd 

— 

CM 

co  ■*- 

■»- 

•*- 

CM 

CM  CO 

CO 

CN 

T- 

-r-  -r- 

CN 

CM 

CN 

CN 

<n  —  00a'3,a^aa,,3'0,r,3'a,Tr~acN0,;iaa0r'aa<N'^-r'acN0f~LncNaaai^a 
•^at'-aat^rra'-rpa^TCNa'-ano— cNOacNOOacN  —  cN^aar-aar-ar-a’-ar-a 
aaoaaais'aoaa'^-r'aOaao,?OcN'-»-r^a^Taa'-a,3’aaoJCNa'-cNar^OcDa 


i  i  i 


a 

in 

a 

CO 

in 

a 

co 

CM 

f"* 

o 

in 

c- 

^7 

a 

n 

a 

*7 

CN 

CN 

a 

**7 

o 

a 

77 

a 

a 

O 

a 

o 

^7 

a 

o 

CN 

a 

a 

CO 

CM 

a 

CN 

CN 

m 

CO 

o 

CO 

a 

a 

co 

a 

a 

a 

CN 

O 

CD 

o 

*7 

■*- 

CO 

CN 

CO 

7T 

o 

00 

a 

a 

a 

CM 

a 

CO 

r^* 

in 

77 

a 

a 

a 

CD 

O) 

o 

in 

a 

o 

o 

o 

77 

O 

a 

CO 

77 

o 

in 

o 

a 

in 

a 

CO 

CO 

in 

CO 

a 

c- 

o 

O 

O 

CN 

CO 

CO 

CO 

CN 

o 

a 

CN 

a 

CO 

a 

a 

a 

a 

in 

a 

a 

a 

a 

r- 

a 

in 

a 

t7 

"7 

<7 

CO 

CN 

o 

o 

in 

a 

*7 

a 

a 

in 

a 

a 

r- 

77 

77 

77 

CO 

in 

a 

a 

a 

i 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOO 

oooooooooocooooooooooooooooooooooooooooooo 

'-cNn'?an'^->j'>i’-'Ta'3-cNaainaaaaacNaaaa'>jaa,^'-acM'>5-'T^acN'^^T'^0 


00000000000----0000000000000000--0'-<n000---000 

I  I  I  I  I  I  I  I  1  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


a 

a 

CO 

o 

a 

a 

in 

— 

^7 

O  n 

a 

a 

^7 

CO 

CN 

<7 

a 

CM 

CM 

a 

in 

r^- 

O  CN 

CO 

CO 

a 

in 

CM 

00 

*7 

O  r- 

CD 

in 

o 

CO 

o 

a 

a 

a 

CO 

O  CN 

^7 

a 

T- 

CO 

CN 

a 

ID 

CO 

a 

CM 

a 

O 

a 

CM 

a 

CM 

a 

CD 

a 

a 

a 

in 

CM 

a 

in 

CM 

a 

in 

O) 

o 

a 

o 

a 

a 

O  <N 

a 

O  f- 

a 

^7 

O  a 

CO 

■*7 

o  -s- 

CO 

a 

O  a 

a 

a 

CM 

in 

CD 

CM 

00 

«7 

a 

a 

CO 

6  . 

6  . 

in 

5. 

5. 

6  . 

5  . 

in 

6  . 

7. 

7  . 

5 . 

5. 

4  . 

4  , 

4  . 

4  . 

3  . 

2 

-r- 

0 

0 

5 

6 

7 

4 

4 

5 

4 

4 

5 

7 

7 

5 

^7 

4 

3 

3 

4 

6 

6 

6 

U’-MS'jN'-OcoirinN-OBMi'tNnNicocBiiiN'JOiMii'fnNUMDinnN-Offico 
,<?r-~CDO'-CDat'-'*TC,5CNacDOO  —  cMfDCDCNin<N0<DCNi0'-<Dir)'<3-CN'-0r'.cn'q-r>(N--0(7>f-cD 
innoO0i(0MiiO0Ht'i,-nnO(iiO^rOONi'CHi)0)ffl’-ttMCD^ii)ONir)(0OOBffi 


CM  eN  CM  CN  •>"  •«- 


CMCMCMCMCN’-'-OOOOO 
I  I  I 


0'-'_,-CM»-000’-CMCNCM'-0’- 


o  o 


oooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooo 

OOOOOOBOOitiOOOOOOOOOOOOOininifiOOinOOBOOOinOinOinOinO 


OOOOOBD 

CO  CD  c**  CO  CD  CO 


oar-oaaaaaaaooooOr-i-cNoat-oar^ 

cncDaioO'-oMco'TincDB'-'T^OBaiOBBBCDCDa) 


0a0t'-0<Nat'-Q<Na 

oo--Baaaaooo 


O  O  O  O  O 
o  o  o  O  O 


ooooooooooooooooooooooooooooooooooooo 

nodooOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

00000000000000000000000Baa000000000aaaaaaaa 

dddnddoO000000000000000<NCNcNBaaaaaaaaD~r^r»r-(-~r»r-~r- 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  5IGXY  SIG1  SIG3  TAU  THETA 


163 


CD 

CN 

CN 

o 

T- 

CD 

CD 

o 

o 

7 

CN 

p- 

CO 

*7 

n 

0) 

CT) 

to 

ID 

co 

co 

o 

o 

o 

7 

ro 

ro 

CN 

o 

00 

7 

in 

o 

ID 

o 

o 

CO 

7 

CO 

o 

O 

CO 

r- 

U> 

to 

co 

to 

o 

7 

in 

in 

CD 

CD 

05 

7 

CD 

CO 

co 

co 

CD 

p- 

co 

7 

7 

7 

in 

to 

i  i  i  i  i  i  i  i 


CN 

to 

o 

to 

7 

co 

CN 

■<7 

o 

co 

to 

0) 

p- 

m 

in 

in 

CO 

-r- 

CN 

co 

co 

CO 

CO 

co 

r- 

p- 

to 

O  N  N  O 
O  id  O  in 

O  00  CO 


in  o  id  O) 

ct)  co  to  in 


Offlmnoonmoin 

OMnOOO’-oiO'- 

OiD'JfflOO'Jinwn 


Oiniotoinin't  —  in  — 

i  i 


O  O  —  n~ 
^  O  O  ni 
O)  O  0)  o 

O  O  co  in 

00  CT)  CD  co 

i  i 


r> 

<N 

D 


10 

I 


«3- 

o 

o 

cn 

to 


to 

o 

CT) 

co 

n 

in 

in 

<7 

CO 

co 

co 

■*“ 

0) 

CT) 

CN 

CN 

CO 

co 

o 

CO 

10 

o 

in 

CN 

p- 

7 

o  to 

to 

O  O  O  r» 

<7 

CO 

CN 

CN 

CN 

- 

- 

- 

o  o 

— 

OOO 

— 

O  in 

<7 

in 

to 

— 

to 

in 

o 

r- 

CO 

to 

CO 

CO  CO 

o 

in 

CO 

0) 

CN 

*7 

o 

co 

CT) 

in 

in 

CO  CO 

*7 

m 

in 

CN 

co 

*7 

0) 

CO 

7 

CN 

------OOOOOO- 


CO 

7 

in 

CN 

—  CO  CO 

co 

CO 

CO 

to 

7 

■7 

CO 

CN 

CO 

O  O  co 

O 

*»— 

o 

CN 

7 

O  7 

O  O  O  in  to  0) 

<X> 

in 

to 

CO 

to 

o 

— 

O  O  - 

OOO 

CN 

CN 

CN 

CN 

— 

nncNtcnt^cNino  incoCT)  —  ODOr^tNinCT) 

O^iscocncointnr'  cofncNtoOcNtocOf'-co 

'jinn^oiDccai'-ooncooocMnoinmno 


—  tNCNCMCN  —  —  O  —  OO—  O—  CNCNCN-  OOO 

I 


—  (m  —  O  f~  O  O  co  in  f~toincoCT)  —  co  —  intn 

cn  ■>t  —  —  in  co  to  r-  —  cDr'r'OcNO)t''T'-cN 

—  —  O  —  —  mr-vOinooOO's-io^ocoOt^to 


OOO  —  —  —  —  —  —  —  OO  —  Ocncn  —  OO—  OO 

i  i 


MStinODfl’-'-  f~  O)  CN 

n-  —  CT)t00),'?CT)O''T  CT) 

int'-f-t^Or--  —  cnct>ooct)Oc- 


to 

cn 

O  7 

(X) 

CD 

<*-* 

O  V 

to 

CT) 

to 

CO 

ID 

CT) 

CT> 

7 

CD 

CO 

7 

O  CD 

O  to 

CT) 

7 

CT) 

cn 

to 

co 

o 

7 

7 

in 

CN  CT) 

CT) 

CO 

CN 

in 

to  cMOOinoiD'jiDNn 

■cto  mr-oconcNcncoiD  — 

CDhOO'-OMDiniDOOlDOffl 


int^iominrorocNDOOcNnccccccncN'^oOcNCNCNcfO’-roooco’-coccioioiDinr) 

i 


ooooooooo  o o o o o o o o o o o o o o o o  ooo  ooooo  oooo 

ooooooooo  oooooooooooooooo  ooo  ooooo  oooo 

ri'-cNoicNcriccNOOO'-ncor'inccior'inn'-O'-cOincinoOcNcorocpinO'-cO'- 


-OOOOOOOOOOO--OOOOOOOOOOOOOOOOOOOOOOOOOOO-- 

I  I  I  I  I  I  I  1  I  II  I  I  I  I 


co 

to 

in 

7 

CN 

CO 

to 

CN 

p* 

CO 

7 

P* 

O  cn 

to 

0) 

7 

CO 

CN 

O  in 

O  CN 

to 

CT) 

T- 

p* 

CN 

CD 

<*- 

CN 

CT) 

to 

CN 

CD 

7 

<*■» 

CN 

«*■* 

CO 

m 

p* 

ID 

CN 

in 

CN 

CD 

in 

CN 

7 

P- 

CT) 

CO 

CN 

CD 

to 

CO 

O  CT) 

O  CT) 

0) 

CD 

7 

•r- 

P- 

CD 

in 

CN 

CT) 

m 

CN 

CT) 

p* 

p* 

o 

ID 

o 

CO 

0 
0 
.  8 

O  O  to  f~ 

in 

CO 

O  CT) 

CN 

CO 

to 

-  CT) 

CT)  to 

CN 

7 

to 

to 

.0 

.0 

.  1 

CD 

to 

CO 

m 

O  O  ID 

00 

7 

in 

O' 

to 

in 

in 

CO 

CO 

CN 

CO 

Z 

0 

0 

CN 

7 

7 

7 

7 

7 

7 

CO 

CN 

V— 

O  O  CN 

CN  CN 

7 

CO 

— 

CO 

e 

o 

0 

- 

CO 

7 

7 

to 

(0 

to 

7 

CO 

I 


f-in  —  t-~  to  co  ro  o  CT)  inc  —  ocor'inci'-ricotDOOcricOcococN  r-  to  ■c  —  co  —  oooof' 

innr-'CTiOtocNOcc  <j  n  ro  O  O  -  cncocticnttcnOio-  oeococn  cot-in- OCTicotoin'i' 

comm  —  —  r~-  a>  —  —  OO'ccomoin  —  to  O  ■'?  —  OO  —  —  —  —  MnniDOOOOinooinoicDOiDO 


—  CNCNCNCN  —  —  —  —  OO  —  —  CNCNCNCN  —  —  OOOOO  —  —  CN  —  —  —  —  OO—  —  CMCM  —  OO—  O  — 

I  I 


O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

o  ooooooooooooooooooooooooooooooooooooooooo 

inOOOOOOOinoOinoOOOOOOOOOOOinininoOOiDOOifiOOOinOinOinO 

r-~ooooinoinr~Oir)r-OininininininooOOOt'-f'-cNOOint‘~oinr~oinor-ocNtnf-o 
O  tna>r'00CTicnCT)OOO  —  —  cNrociniDoo  —  cp^ooo—  oocncncnooo  —  —  CNCDOOOO- 


Ooooooooooooooooooooooooooooooooooooooooooo 

Ooooooooooooooooooooooooooooooooooooooooooo 

inOOOOOOOOOOOOOOOOOOOOOOOinininOOOOOOOOOOinininininin 

sOOOOOOOOOOOOOOOOOOOOOOOiNNNiniDininininifuninini-r-^n 
cnOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

—  CNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


207 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  5IGXY  SIG1  SIG3  TAU  THETA 


164 


n 

o 

cn 

CT) 

in 

in 

O 

o 

n 

CM 

r- 

in 

o 

CD 

ID 

CN 

O  CT)  O  T  CM  CT) 
O  n  O  ct>  ro  rr 
O  t"  O  id  CT)  in 


CT)  ^  O  co  —  O 

r-  co  O  cn  co  t- 

co  ■>-  O  c~  cm  r-~ 


in  M  N  N  N 
CT)  to  CT)  —  n  n 
co  O  r»  in  to  — 


id  in  <3-  ro  it  in 

r-  O  to  cm  *-  cm 

O)  in  CT)  CT)  CM  CM 


O  co  o  CT)  CT)  co 
O  co  in  o  —  co  to 
O  ^  CN  o  P~  CD  CM 


<D  ct-  O  in  O 

TT  CT)  CN  f»  O 

^  'T  O  -1-  r-  O 


CM 

CT- 

I 


IS  O  OS  ®  CO  O  N 
CT-  CT)  CO  CO  CO  CT)  CT* 
I  III 


O  ^  co  in  id 

0)  co  f-  r» 

I  I  I  I 


co 

I 


O  co  r~ 

CT)  CT-  CT- 


i^'-Oino^JCT-co^OCT)  — 
r-cococ't'-iDiDcooocor-co 

I  I  I  I  I 


00 

I 


O  in  O  s  is 

CT)  CO  CO  CT)  CO  CO 
I  I 


in  CM  —  CM 
CD  CO  CO  CO 
I  I  I  I 


CT)  TJ  O 

co  co  o) 

I  I 


0) 

CD 

CD 

o 

CN 

ID 

r- 

CN 

CT) 

ID 

CD 

<r- 

CT) 

CO 

<*- 

CO 

CT)  CT) 

CT) 

CO 

CN 

ID 

CD 

c- 

o 

CO 

co 

CN 

o 

r- 

*7 

(D 

o 

CD 

CD 

O) 

(X 

CD 

CD 

CN 

CD 

CM 

o 

CT) 

CO 

CT) 

CN 

CN 

CN 

in 

O) 

o 

ID 

CN 

in 

CD 

o 

in 

CN 

GO 

in 

o 

CD 

CD 

O 

CD 

in 

ID 

CT) 

CN 

CT) 

CN 

m 

n 

CN 

CO 

CO 

<7 

t-  CN 

c- 

(D 

CT) 

id 

in 

in 

CO 

co 

in 

in 

CO 

o 

eo 

ID 

ID 

(D 

** 

o 

0 

2 

CM 

— 

— 

CN 

n 

CN 

CN 

— 

- 

- 

>- 

— 

T- 

- 

O  O  CM 

CN 

CN 

*- 

•r- 

CM 

CN 

CN 

CN 

CN 

CM 

«r- 

w— 

— 

r~0,rinOinr'iDCO'<j'<jincococo  —  incooco'-,5-iDCM'-cNCT)inCT)inCT)cMinco,cCT)CT'CT)cor'COcoCT5 
'TCO'-r-'OcMcoiniDco  —  cococNr-coO'—  Of-~inoOCTicMinincDf~--CT5coo)CMr~incMiD,TiniDr^CT) 
■ccc^,^-co'-CT)CMr~incM'TTfOcoincoOiDcO'-^coOCT)iDCT)CM<DOcM'3'CM'-cor-cDCT)CMinCT-0)  — 


’-'-WMCMCM’-’-OOOO’-CMrMMOici'-OOOOOOOO'-’-cMfN'-'-'-OOOO’-'-'-’-Pi 

I  I  I 


CDC00)OCT)0)CT)0)C0C'CMlDCT),3C0OC0lDCDOC0CT)O(DCT)r''-O'-'-t^f^(D^-C0O'-'5'Ot^-,"CDin 

,^'T'CD'^r~'<T(DCNCT)CMinc0CT)lDlD'3-CT)'-lDCMCT)C0'^C0'-CT)Oc00)-^'^''-C0C0OC0CDC'inCT)'TC0CM 

iniD’-’T't'5-0)lDC'OOCT)in(DC0'-OCT),a'C0OOCN'>a-in00CMOCT)OCNlDCT)C0CT)00lDinCT5'--^CM'J- 


CT)CT)'3-n-<Din'j'^cDP~iD^i^''T^rinin'^'>jCT)cocM'“OiDininin>?ininTr'«Tinininininintnininin 


OO  OOO  O  OOOOO  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  OO  OOOQQOOO 
00000000000,000000000000000  OO  OOOOOOOO 
iD,cO'_'_,_Of^OcD'^'-t-''^iOiniDCD'Tinc-'CT-iDCM->-inn-CT'incoOcocoocMCT)^iDiDin's-CT)0 


0000000000^'-0000000000000000000000000000000 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


CO 

CT) 

eo 

ID 

CT) 

CD 

CO 

<D 

CN 

oo 

O  CT) 

ID 

CT) 

CN 

ID 

in 

CN 

CT) 

CN 

CD 

^7 

CD 

^7 

in 

CN 

00 

*7 

O 

CO 

CT) 

in 

in 

CN 

eo 

O 

ID 

CO 

co 

o 

CO 

o 

ID 

^  ID 

CO 

O  co 

CO 

m 

00 

-r- 

■<7 

CO 

*7 

co 

00 

CO 

CT) 

ID 

CN 

CT) 

ID 

CN 

CT) 

in 

CN 

co 

in 

0) 

^7 

r- 

CT) 

00 

^7 

(D 

00 

O  CT) 

h- 

^7 

r- 

CT) 

CT) 

CO 

in 

CO 

O  0) 

0) 

CT) 

CN 

in 

CT) 

CO 

CO 

CD 

ID 

CN 

o 

CN 

3  . 

3 

4  . 

7  . 

6. 

5 

4 

6 

6 

5 

4 

4 

4 

4 

5 

4 

4 

4 

3 

z 

9 

0 

0 

5 

5 

4 

<7 

4 

5 

4 

4 

5 

5 

5 

5 

5 

5 

5 

m 

5 

5 

(Din^-r-cNaDr-cocoOCTjcoiDin 

CT)CM'-n-OCNCT)OC0'CCM'-CT)C0 

IDCO^-'^TCO'-CTl'TC'CD^C'inO 


'-’-CMCMrMM’-,-0000”"W 


CTJ'-Ocot'iscoiiOeonOcot' 

r'Co^jrrincDCMincMOcMOf^iD 

C0lS'^’-lSCT)CT)OOOCT)C'OC0 


CNCMCMCM--0000000-- 

I  I 


cDinco'-ococM'-ocncof^cDinco 

in^CO'-CMCMCDr^lD'S-COCM'-OCTl 

CT-OCMinC0’-CDr-C0OC0CDCDO'~ 


’-PIC'l’',',-000'’r''","CVCM 


OOO  OOOOOOO 
OOO  OOOOOOO 
inomoooooooin 


oooooooooo 

oooooooooo 

oomooooooo 


ooooooooooo 

ooooooooooo 

ooomininoinoino 


ooooooooooo 

ooooooooooo 

ooomoinoinoino 


cMinr'OOOOinOinCT-Oinr'OinininininOOOOCMr'CMinr'OcMOOOinCT-OcMinr'OcNin 
y-  r5CDP'CT)OOO'-'-'_CMCMCT)^TiniDCD’-'q-f'OO’-'-'-CMCMC0CT)OOO-^-^'-,-CNCMCN 


n 

n 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

OOOOO 

o 

o 

n 

n 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O  O  o  o 

o 

o 

o 

in 

in 

m 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o  o  o  o 

o 

o 

r- 

r- 

o 

o  o 

OOOOOOO 

o 

o 

OOOOOOOOcm 

CN 

CN 

CM 

CN 

CM 

CN 

CN 

in 

in 

in 

m 

in 

in  in  in  in 

in 

in 

in 

D 

O 

n 

T— 

T- 

«p- 

■r- 

1— 

-r- 

■*— 

•*- 

•r- 

■*“ 

■»“ 

<¥-  T-  T- 

■T,“ 

CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CM 

CM 

CM 

CN 

CN  CN  CN  CN 

CN 

CN 

CM 

STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  5IG3  TAU  THETA 


165 


ie  ^  «  n  to  s 
co  co  r-  m  co  — 
■-  in  tn  a  O  in 


cn  o  0)  in  o 
Is-  O  ^  o 
o  o  Mn  o 


co  —  —  cm  cm  t" 
O  in  O)  id  in  <x> 
cs  id  o)  co  id 


ooinTri-~co'- 

CNinCT)lDCM  — 

id  —  in  id  id  id 


co  in  in  O  eo  co  cm 

O  CM  CO  O  CO  1^  CT) 

co  O  co  O  id  O 


’-B’-OOfflO 
00)0000)0) 
0)  id  n-  id  O  in  id 


id  co  r-  in  o-  co 

^  B  O  1  B  B 
■9  0)  b  in  in  cm 


O'  O'  n  CO 

CD  co  co  co 

i  i  i  i 


CM  CO  o  CD 
CD  CO  O)  CD 
I  I  I 


CD  o  CO  TJ 
CC  CT)  CO  CD 

I  I 


in  co 

CO  CD  CD  CO 

I  I  I  I 


co  in  in  O' 
co  co  oo  O' 

i  i 


coincoocMin'<Tin''Tcoco 

O't^O'O'lD’ITCOCOCOCDCO 

i  i  i  i  i 


co 

co 

i 


CO 

co 


O  CD  CM  CD 

O)  co  co  0- 

i  i  i 


O  n  cm  'f 

CD  CD  CO  O' 

I  I 


o 

CD 


in 

CD 


CD 

o 

CD 

ID 

IT) 

CO 

o 

CT) 

O 

0) 

CN 

LD 

CN 

CD 

CN 

eo 

r- 

CD 

CN 

CD 

CN 

cn 

CD 

(D 

CD 

CD 

CD 

O 

cx> 

O) 

CO 

LD 

TJ- 

0) 

LD 

CN 

CN 

CD 

CD 

CD 

CD 

CD 

h* 

CD 

o 

ID 

CD 

CN 

CO 

ID 

•*- 

ID 

ID 

ID 

o 

o 

CT) 

ID 

0) 

CD 

(£> 

rr 

CO 

CO 

CO 

CD 

<S> 

CD 

D” 

ID 

D 

CD 

CN 

O 

0) 

f** 

CD 

0) 

ID 

ID 

CN 

o 

CO 

CO 

0) 

CT) 

ID 

ID 

D- 

o  o 

CT) 

0) 

00 

CD 

CO 

o 

ID 

ID 

ID 

c- 

0) 

CO 

CD 

CD 

CN 

CN 

CN 

CN 

— 

— 

— 

CN 

— 

— 

- 

CN 

CN 

CN 

CN 

- 

- 

- 

- 

- 

r* 

- 

- 

O  CM 

- 

- 

— 

T“ 

CN 

- 

- 

T- 

CN 

CN 

6 

CT)'3’CT),'?C0CNOCT)lD  —  CT)in  —  ID 
r'C0CMC0'TCOcoinocoin(D'-iD 
cocoaiOcM'Tt'.O'TCMor-'Oa) 


CMOO  -  —  —  —  CNICMCS  —  —  OO 


OO'fCM’-OiOicnooii)  coco 

—  O  —  ct>ct>  —  coiniDt'-  cmcm 

CNCT)lDr'-f-00O—  'TID  —  LOO—  ’’T 


—  —  —  —  —  —  CMCM  —  OOOO  —  — 

I  I 


roiD^cM-cMcriBinNotroiJ) 

cncof^inr'TTCoocMCMinincDCM 

'jiniDin^vnnro’-D'jOO 


(DCMcocorrineO'TCM 

OB'C'JOO'-OO 

iDiniDin^rcocMiD- 


ininininininininc^ 


cMCD^eocnomcM 
f^COlDCMCOrrcNCD 
—  CMCT)CMCT)in'?CM 


iDinrrinininintn 


cniniDOcMCD^iD 

tMoonnOiDn 

tocMcocn'o-eoiniD 


inmininin’crrocM 


O  o  —  in  co  o  co  co 

>cr  ociOmjme 

ICOCMI'TOCOCMD 


—  Oininininininin 


OinocMiniDffl'fo 
co  —  c--ct)Oco  —  ■vt-' 

IDC^'C^'OCM  —  f^QO 


■^■'s-^'q-ininiDiDO 


OOOOOOO  OO  O  O  O  O  O  O  O  O  O  O  O  Q  o  o  o  ooooooo  oooooooo 

OOOOOOO  OO  ooooooooooooooo  ooooooo  oooooooo 

inOMCM'Tinin'TO  —  —  O—  'C^TC0't'»T*?C0eoe0CT>C0e0CT)CT)O'TC0'?'^''<J'<J'’—  OCM'<Tt''lD‘'TlDeMCD 


00000000000000000000000000000000000000000-0 

I  I  I  I  I  I  It  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


oo 

o 

CD 

0) 

CN 

■D- 

o 

CT) 

CC 

<«- 

<*- 

CD 

CT) 

LD 

eo 

o 

CD 

ID 

CO 

CT) 

co 

CO 

rr 

o 

CD 

CT) 

-r- 

o 

CD 

ID 

0) 

o 

CD 

O  CT) 

0) 

r- 

D* 

o 

CD 

C- 

o 

o 

ID 

CD 

ID 

0) 

LD 

<*“ 

a 

**” 

CD 

LD 

CO 

ID 

O  CM  O 

h* 

CD 

0) 

ID 

CD 

CT) 

CN 

ID 

co 

o 

CN 

■D- 

ID 

LD 

LD 

ID 

LD 

CD 

CN 

ID 

CN 

CT) 

CD 

ID 

CD 

CN 

CN 

CN 

r- 

ID 

CD 

CD 

O  CM 

CD 

co 

CD 

CN 

CM 

ID 

ID 

D- 

CD 

CT) 

CN 

O  'f 

ID 

in 

in 

ID 

ID 

in 

in 

in 

ID 

in 

in 

ID 

ID 

ID 

ID 

in 

in 

ID 

in 

ID 

CD 

CN 

O  in 

ID 

ID 

ID 

ID 

ID 

LD 

<3- 

ID 

0 

9 

9 

CN 

o 

CT) 

CO 

ID 

CD 

CO 

LD 

CD 

CN 

o 

0) 

c* 

in 

o 

'D- 

CO 

CT) 

CD 

DT 

o 

CN 

o 

o 

— 

- 

CN 

CM 

0)  CO  CO  CM  —  Ocd 
coiniDTOocoin 
CMOf'OOCMOlD 


CM  —  —  O  —  —  —  — 


MDO’-OfflC'O'f 
ttcd  —  C'cncocniD  — 
n-f'CncMDiDco  —  — 


—  —  —  CMCM  —  OOO 

I 


cm  —  O  CT)  co  id  co 
CD  in  ^  cm  —  0)  f' 
O  —  ^riniDC'inn 


O  —  —  —  —  —  —  — 


CM  —  CT)OOCMOCO  — 

'jininiEcMOnoiB 

ttonOcMiDinno 


—  —  —  —  —  —  —  cmO 


OOOOOOOO  oooooooooooooooooooooooooooooooooo 
oooooooo  oooooooooooooooooooooooooooooooooo 
otnotnotninmoooooomootnoooooooooinoinoinininooooooooo 


O  h  o  cm  in  h 
co  O  —  —  —  — 


cMr'OOOOinOcMinocMinOininininOOOcMinr'OcMr'CMOOOOinOinoo 
CMCM  CO  ID  f-  O  —  —  —  CMCMCMnn<Jini£)B  -  O  —  —  —  CMCMCMDBOO  -  —  CM  P)  ^ 


o 

O 

o 

OOO 

n 

n 

n 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

g 

n 

6 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ID 

ID 

ID 

in 

ib 

ib 

in 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ID 

in 

LD 

LD 

ID 

ID 

LD 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

r- 

r- 

o 

o  o 

o 

o 

o 

o  o  o  o  o 

OOOOOOOOrM 

CN 

CN 

CN 

CN 

CN 

CN 

LD 

LD 

ID 

LD 

ID 

ID 

LD 

ID 

CM 

CM 

CN 

CM 

CN 

CM 

CM  CM 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CM 

CM 

CN 

CM 

CM 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CM 

CN 

CN 

CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CM 

CN 

CM 

CN 

CM 

CN 

CN 

CM 

CM 

CN 

CM 

CN 

CM 

CN 

CN 

CM 

CM 

CN 

CM 

CM 

STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  Y  COORD  SIGX  SIGY  SIGXY  5IG1  SIG3  TAU  THETA 


166 


o 

o 

ID 

O 

CN 

CN 

CD 

LO 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

CN 

ro 

r- 

in 

CN 

Q 

CN 

Q 

CD 

ro 

- 

rr. 

CN1 

- 

ID 

co 

ID 

CD 

O 

-r- 

h* 

CD 

in 

o 

o 

o 

CD 

CN 

o 

o 

O 

co 

o 

o 

ro 

co 

CN 

in 

o 

o 

o 

o 

CN 

co 

O 

co 

CO 

CN 

CO 

co 

CU 

u 

CO 

o 

CN 

o 

CO 

CN 

3— 

CD 

r- 

CO 

co 

CD 

ro 

O 

CO 

O 

co 

o 

o 

o 

o 

o 

o 

CO 

^T 

co 

(D 

CD 

O 

o 

o 

o 

o 

o 

o 

O 

0) 

o 

o 

06 

co 

co 

i 

O 

co 

i 

co 

co 

i 

co 

o 

0) 

06 

06 

06 

CD 

ID 

f 

in 

r- 

i 

O 

CO 

ID 

ro 

CD 

in 

ID 

CD 

in 

CN 

r* 

i 

CO 

r- 

i 

r- 

i 

in 

r- 

i 

3 

CD 

CD 

co 

1 

CD 

CO 

i 

6 

CO 

CD 

CD 

in 

CO 

in 

in 

r- 

CD 

CD 

CD 

in 

CD 

06 

06 

in 

CN 

in 

in 

co 

r- 

in 

3 

in 

<3 

in 

<3 

<3 

ID 

o 

cn 

in 

o 

in 

— 

ID 

0) 

CD 

CN 

CO 

in 

3- 

CN 

CO 

CD 

CD 

CO 

CO 

CO 

CN 

0) 

CN 

h* 

CN 

ID 

CN 

CN 

CN 

r- 

CN 

o 

CO 

CO 

in 

(Ti 

h* 

CO 

ro 

CN 

co 

in 

CD 

CD 

cn 

CN 

CD 

in 

co 

CN 

o 

— 

*■* 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

O^T*3<DC0C0Oin 


CM  CO 

ro  —  id 


CN  f- 

id  O 


NDOOOOOO’-OOO'M 


CN 

CO 

CD 

CD 

in 

cn 

in 

cn 

cn 

CO 

m 

co 

CO 

CD 

cn 

cn 

CD 

ro 

r- 

o 

CO 

CO 

CD 

o 

— 

in  —  ooinomin 
f~  r>  o  cn  —  o>  co  in 
inocnr-eoOr^  — 

d---ddo- 

I  I 


C5  (D  —  On-  —  — 
incooiPr^^rcNT}- 

n«-05)’i^o0 

-  o  o  -  -  -  -  - 


icoi'jcoNPurM 
—  cr>inr-~oocoa) 
''jin^roocoro  — 

ood-oooo 


—  rr  in  —  o 

non  t-~  i*- 

OiDcnnoOO  -  — 

OOOOOOO-CN 


cNcoioinn-  —  orocNo 

coiDinncNOiDtNin- 

inoroOcoMoonffi 

Oin^ininipinin'cn 


nOcNoninnoiicnm 
r^iniDoinn-oocoi^cN 
cNcnincN  —  —  o)T3i'-*jt-' 


,3-r~r^mr>rMn'Tfoinic 


"30t-~coincoc'ooccro^- 
c-cNcoaiincoiDinininu) 
cnOiD  —  coOOCN^cn  — 

'j^nncvn'}iciB,‘- 


in  ■c  CN  —  in  n 

co  o  co  CO  O)  co 

nO’jnmooOwir 

OOcn  —  CNOOO^IP 


OOOO  OQOOOOOOOOOOOOOOOOOOOO  o 

£S92r,AAA0°00°0000000°ooooooooo 

^■(^LncNOOOC^-oocD^cotnncDCP-’-nin'r-D^r-^'^ajoo^i^OOOOLnr^OOCojO 


88 


OOOOOOOOO-OOCN 

I  I  I  I  II  II 


-  -  -  O  O  -  - 

I  I  I  I 


OOOO 

I  I  I 


o  — 

I  I 


0  —  0 


ooooooooo 

I  I  I  I  I  I 


0-0 


N  —  ID  0)  —  O 
co  cn  in  co  —  0)  id 
in  o  co  o)  co  r-~  co 


&  CM  id  f~  I"  —  TT 

CN  in  o  ID  O  t"  0) 

O  ID  in  o  —  ID  o 


f-  —  IDO  —  ^3  ID  — 
—  O^fA  —  T!^r-» 
— 'iMN't-iDn 


-3  t-  o  o  in  cn 

Q)  —  ID  CN  CN 

cn  id  o  —  co 


in  o  r>  >3  cn  o  id 

in  cn  id  id  co  O  o 

■3  —  cn  —  in  o  co  o 


co  o  o 

ID  O  CO 

itOOOMn 


Oin'f'finiDinm'jn'jMD^n-n'iniDn’TnnoioiNnin'jo-OO-onooonnin 


cNOcoinocnin  —  cncocN 
cniDo  —  cnoiDcncncoTr 
—  ID^COOO-  coiDcncN 


O  —  —  O  —  CNCN  —  —  O  — 


o  —  ocncncNOcoino 
in  —  cNCNOOooino  — 
OcDO'CnO'cr^inocn 


(NM-00--00’- 


ocn  —  cneocNino  —  m  3 
r~eoCT)0)OiDcnn-ococo 

3  3  CO  CN  —  CNID  —  OOO 


—  —  —  —  —  —  OcncnOO 


CN  CN  O  CO  O  o  CD 

cn  cn  o  r~  o  a) 

—  Oor^inoOOn-  —  cn 


OO-OOOOO-CN- 


OOOOO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  O 
OOOOO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  O 

oininminoooooooooooinininininoooooooooooooinininoinoinoo 


o 

CN 

CN 

p- 

O  O 

o 

o 

in 

o  o 

in 

in 

in 

O 

CN 

CN 

r*- 

CN 

C 

o 

o 

o 

o 

in 

o 

in 

o 

O 

o 

o 

o 

r- 

CN 

o 

CN 

in 

o  o 

h* 

CN 

CN 

CO 

co 

co 

CD 

p^ 

t- 

CN  TT 

in 

CD 

co 

CN 

CN 

CO 

co 

CO 

cn 

o 

CN 

CN 

in 

,r" 

r- 

o 

CN 

CO 

CO 

ry 

CO 

CN 

■*- 

7" 

— 

CN 

CN 

CN 

CO 

•r- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

in 

in 

in 

m 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

in 

in 

m 

in 

in 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

in 

o 

o 

in 

r- 

r- 

P" 

OOOO 

OOOOOOOn 

CN 

CN 

CN 

CN 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

r- 

o 

o 

CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

CO 

CO  CO 

CO 

CO 

CO 

CO 

co 

CO 

co 

CO 

CO 

co 

co 

co 

CO 

CO 

CO 

CO 

co 

CO 

CO 

co 

co 

CO 

co 

co 

co 

co 

co 

co 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

652  0.0  5.652  1.996  1.828  90.000 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


167 


o 

o 

CO 

CO 

o 

o 

o 

o 

CM 

ID 

in 

*r- 

O 

o 

CO 

o 

ID 

CM 

in 

o 

CO 

CO 

o 

o 

o 

o 

o 

CM 

0) 

p~ 

o 

o 

o 

o 

CM 

o 

o 

CO 

G) 

G) 

ID 

o 

o 

o 

O 

CO 

CO 

o 

o 

o 

o 

0) 

G) 

id 

^3 

o 

o 

o 

o 

o 

p* 

*3 

CO 

CO 

o 

o 

o 

o 

o 

in 

D) 

in 

r> 

o 

o 

o 

CO 

o 

o 

CO 

CM 

CO 

CD 

o 

c 

o 

p- 

CM 

o 

o 

o 

o 

o 

CO 

o 

CM 

o 

o 

o 

o 

*3 

ID 

•*“ 

ID 

o 

o 

o 

o 

o 

o 

^3 

O 

o 

o 

o 

ID 

o 

o 

0) 

ID 

o 

o 

o 

o 

CM 

CO 

ID 

in 

LO 

in 

in 

in 

CD 

O) 

in 

in 

in 

o 

p» 

CM 

in 

CM 

CO 

CO 

in 

in 

in 

in 

in 

ID 

CO 

o 

o 

o 

o 

in 

o 

o 

CO 

p- 

P- 

in 

<3 

in 

G) 

G) 

CO 

CO 

<3 

^3 

*3 

in 

TT 

CO 

<3 

^3 

in 

0) 

CO 

CO 

p- 

CO 

0) 

•<3 

*3 

TT 

^3 

<3- 

in 

•<3 

CO 

CT) 

CT) 

o 

*3 

<3 

CD 

CD 

CD 

oo 

CO 

co 

p* 

<3 

iiii 


o 

in 


ID 

o 

CO 

*3 

CO 

CM 

in 

o 

<3 

0) 

IN  O  9  O  t  IP 

CO 

CM 

ID 

in 

o 

o 

ID 

ID 

^3 

CO 

CM 

o 

CO 

o 

o 

in 

in 

CO 

r- 

cd  t"  o  cm  —  in 

o 

o 

ID 

in 

^3 

o 

CT) 

en 

CO 

^3 

CO 

r- 

TT 

CM 

'r~~ 

p» 

o  o  O  O  in 

OD 

in 

in  o  O  in 

OlDIPIDDOOOOO^ 

^3 

ID 

o 

o 

O  O  od 

CO 

o 

in 

CO 

CM 

ID 

in  o 

— 

— 

- 

00000- 

CM 

CM 

0 

0 

o 

- 

- 

ooooooooooo 

- 

n  o 

- 

T- 

o  - 

O  CM 

T- 

T- 

— 

OOO 

cm  —  in  id  cd 

cm  n  co  co  in 

co  id  in  O) 


in  cn  o  co 
'r  n  in 

OOOOD'J'J'J 


coincoiDcon-r^^  co  o  to  ^  O  O)  cv^oicm(I)coidn 

nOOoi^cMr--'’-  cd  ■’j  cm  in  cm  incoo^'o-incoco 

OOMlin'jncoiPffiOOOOON^rcoOOOOnn'-i'MO^iiiO 


oooooooo 

I  I 


o  - 

I  I 


o  o  o  o  -  - 


000000000-0-'"0'-ON-”-000 


—  ■<?  t  O  cm  o  -  o  -  <Dcn  —  inint-  —  r-  v  in  cm  <3-  o  t"  co^incor^oocM 

CNrrnocN  id  r--  co  in  Oioroncoicinoi  ■<j  id  in  co  in  —  ’iiSNffi’-'fcoa) 

(■~,S'C0CDCmOOOOc0--id<DOOcdcd^O  —  cMt-CT>OOOOOmcDO-'‘---OcM  —  cMcoin  —  r-f-O 


T 


(N0000ninno00nnnc,)w<-0'-000O0ninwnon0t'i,"W'»9'i0'-0 


OOO  OOOO  O 

OOO  OOOO  O 

O'-in’-OOOO'Tcoin'-ooin 


OOOOOO  OOO  O 

OOOOOO  OOO  o 

O’-cmcmcmcmc0OOOOOc0'<?cmOOOOc0O 


O  O  O  O  O 

o  o  o  o  o 

O  to  n  O 


o  - 

I 


OOOOOO  —  cmcm 
ii  ii 


O  O 


o  - 

I 


oooooooooooo 

I  I  I  I  I  I  I 


n  O  oooo¬ 


oooooooo 

I  I 


— 

^3 

CO 

in 

cm 

ID 

CT) 

CT)  — 

CO 

ID 

0) 

CM 

in 

CM 

CT) 

CD 

<3 

co 

^3 

o 

CD 

^3 

in 

O  CD 

ID 

n 

p* 

CM 

CM 

— 

CO 

O  CO  G) 

ID 

00 

o 

CO 

in 

CM 

CO 

ID 

CO 

in 

■»— 

CM 

ID 

CT) 

CO 

ID 

CT) 

P* 

so 

CM 

O  O  O  O  CD 

<3 

ID 

^  O  O  in 

CD 

<3 

o 

CT) 

r- 

oo 

O  O  O  O  O  (D 

O 

o  ^ 

CM 

00 

in 

«F- 

o 

ID 

o 

■*3 

<3 

o 

o 

CM 

O  O  O  O  CM  CM 

o 

0. 

0 

0 

2 

3 

CO 

CO 

CM 

o 

o 

- 

O  O  O  O  O  CM 

- 

CM 

CO 

co 

CD  O  O 

■V 

ID 

^3 

<3 

3 

o 

■r- 

o 

cm  eo  cm  O  n  (M  O  n 

n  n  cm  to  ip  oi  in  ip  'j 

Bip-^-hOOOOMMiPiP 


ninncN'-rococM  n  cm  n  -  O  tJ)  eo^fCMinncMcocM 

ino-cMnn^rO  ■>-  id  in  cm  (DcoO^iniDiDCN 

OOCDiDininn-  —  iDOOOOOOiD  —  CDOOOO'D'Cn-'-f'r'iDCOf'-O 


-^--"-00000  —  cm"-000 


'-'•’■0000000'-oiO'-'-’-OOON'--’-000 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  OOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  OOOOOO 
oooooinoomoooininininoooooooinooinoooinoinoinooooooooo 


OOinOinn-Oinr' 

idd-cmcdcdco'ttj'tt 


OinincNr-f'CNOOOOOOinf^Oinn- 

ininiDtoco'?incoCT>o,-cMtocoeo*T'<T’T 


Oinor'Oniinn- 

ininipnMf'j'jif 


OOOOOOinOin 
oo  ■<t  in  ip  mp  v  rr 
—  cm  —  — 


OOOOO0O0000000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOininininOOOOOOOOOOOOOOinininininOOOOOOOOO 
nddoooooooOOcMCMCMCMinininininininininintnininint-~i--i-i-t-coinoOOOOO 

CMOINCMCMOICMCMCMCMCMCNCMCMCMCMCMCMCMCMCMCMCMCMCMNCMCMCMMCMCMCMrMCMCMrMrMCMCMCMCMCM 


250 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


168 


o 

o 

CO 

o 

o 

in 

o 

o 

in 

LD 

o 

o 

o 

O 

CO 

o 

o 

CO 

CD 

in 

in 

o 

O  in 

CD 

CD 

CT) 

CO 

co 

eo  --  o  O  in  n  o 
-  to  uup  oi  n  o 
o)  o  o  if)  ^  w  o 


*■  n  n  ^  in  r-  in 
eo  r~  in  id  in  tt 


O  "J  m  O  n  v 
O  to  O  ^  O  o*  ^ 
O  u>  co  <x>  ■>?  cn  f- 


in  to  k  co  n  n 
tj-  ©  in  co  cc  co  co 

i 


OOOOOOO'- 

r--00000'- 

coOOOOOOt 


IDcoOOOOinin 

CNf-CDCnOCTirrCO 


in  r>  in  r~  n  in 
CT)  CN  CT)  to  c-  in  cn 
cn  *-  CN  O)  00  CT)  co 


*-  cd  cn  to  r-  a  co 
co  r-  t-  id  in  co  co 


<j  in  On  Oin  O 

cn  co  O  O  in  n 

'iwOcoOnO 

co  ip  O  in  O  o  n 

co  co  co  co  cn  co  co 

i 


o 


CP> 

m 


in 

CO 

CO 

CD 

in 

CD 

CD 

CO 

CD 

■*- 

CD 

in 

O  O 

0) 

in 

CD 

o  cd 
O  in 
—  ip  o 


CD 

CD  N~ 
O  00  CN 


a  ■*-  v 

-  CT)  — 

—  n-  rr 


•r- 

CT) 

o 

in 

o 

in 

CO  CT)  O 

o  o 

CD 

O  N- 

CN 

CN 

r^* 

in 

CD 

CO 

CO 

CD 

CT) 

in 

co  CD 

in  CD 

CO 

•*— 

in 

^  CO 

co 

o 

CN 

CD 

in 

CD 

O  CN 

o  o  o 

CN  CN 

o 

CO 

in 

*-  CD 

CD 

CD 

CN 

n 

cn 


OO^nOO-00000'-0000-Pi'-''-<-000000'-'-'-’-'-'--CN-'-'-OOCN' 


CD  CT)  CN  t^CDCNN-C'CDN-CN  OOOO'JCDCO-’-lDCOlD^TCN  fflO'JOin'-ONCNNlP  -  CNCNCD 

o  n  (T)  Tttn^cccp^NN  CD'-cNinN-cococDiDt-'COO)  CT)eointDiDCT)'-inccCT)CDCDf,''-iN 

OOiniD>-Oin’j'j'-ncNcocNOOcoO,'0)NiP''iPMnn*-Oin(NconMnoi(j)cPNNiPMO 

000«00---'OOOOOOOOn-’-'-000000'-'-'OOOOrc-'OOONN 

i  t  i 


<*- 

CD 

CN 

CT) 

CN 

co 

CD 

o 

CD 

o 

CD 

CO 

o 

CD 

CD 

CO 

CD 

CN 

CT) 

o 

o 

o 

CD 

in 

o 

CD 

CO 

CN 

CO 

CD 

CD 

in 

6 

o 

Z 

4  . 

0 

0. 

3. 

3. 

z 

2  . 

■p- 

•p- 

■p. 

cNint--t'-t-or^'<TcoiD'fCN 
CNCX'lDCnOCnCNN'CNTj-lDCO 

OOiPinninipoiin’-nN’-mo 


OOntNipin^'j’-cNoc-'-oo 

i 


ipmnroin*-noocJuptnNipn 

Oin'-ntD^-coincNCD^ocD'-cr) 

Om'iOcoco'jtniPNO’-OcDco 


'inonnrvcNcpiP'jncNiNcpin 


OO  OOOOOOOO  OOOOOOOO  OOOOOOOOOO  O  OO 

OO  OOOOOOOO  OOOOOOOO  OOOOOOOOOO  O  OO 

OOO'JOO'-'-MnMP'-iPOO'-cN'-'-’-’-nnooooOwniriPUCDN'-'-pcO'-O'-N 


OO'-nOOOOOOOO-OOOO’-OOOO’-OOOOOOOOOOOOOOOOOOOOO 

II  I  I  I  I  I  I  II 


cn  cn  ^j-n-ooidcdcntj-  id  O)  in 
cn  o  co  owinNro'-'fO  id  co 

OO'C^mONnoo’-nOCNCNOOiCNnin 


CD  CP 

CN 

o 

CO 

<P 

CN 

O 

CD 

CP 

O) 

CN 

in  co 

CO 

CD 

O  CN 

in 

*— 

CN 

CP 

CO 

CT) 

•*“ 

CD 

m 

CO 

O  CN 

CO 

CP  CN 

in 

CD 

in  O  0) 

in 

CD 

co 

m  cn 

in 

CP 

f" 

ip  o  n  v  n 

—  cn  co  »-  co 

O  ^  O  co  co 


OOcnOOOCococncn 


O 


O  O  cn 


cd  in  ^  ^ 


O  CN  CN 
I 


OOnnnNMW(Nipin^ncNc\ipin 


CD  CN  CN  CN’-Ocof^ 

cn  CT)  cd  in  id  r-  eo 

OO'-cn'-Oin'n-'n-cNco 


in 

CD 

ID 

^T 

<0- 

r- 

CD 

CN 

CD 

o 

in 

0) 

CP 

CD 

in 

CO 

0) 

CD 

CN 

CP 

o 

0 

8 

CO 

«r-> 

CD 

h- 

IP 

CD  O  00  CD  ^  CN  ^  CN  —  O 
O  CD  CD  n*  co  CT)  "-cNcnn- 
CNN-N-incn’-Oin^jcnO 


BNinoinocDBCN^O) 

n-iniDincO'-CT)CDN-'*-cn 

N'CDincNCDI^N'N'CDCNO 


00’-"’00’-’-'-'‘OOOOOOOOd'-'’-0000000-'-'"rOOOPi’-’-OOOPi(N 


oooooooooooooooooo  ooooooooooooooooo  ooooo  o 
ooooooooooooc ooooo  ooooooooooooooooo  ooooo  o 
oooooooooooooooooooooooooooooooooooooooooooo 


omoinoooooooootnoinoin 

iniDiDiDNOco(7)0''CNcnnnininiDiD 

cn  co 


oooomooooooooooooooooooinoo 

cniDr^TTinco''-'?r-~OcoCT)0,-cNcn'?  cncDiDcoo  cn 

■^•^••^cNCNCNCn 


Oooooooooooooooooooooooooooooooooooooooooooo 

Oooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooooo 

noooooinininininininininincDvOOOOOOOOOOOinininininininoOOOOinOO 

Lninu:)S)ininininininLninininininininiDCDiDCDCDCDCDCDiDiDCDCDiDiDiDCDCDCDN'r'N't-r-C'CDCD 

CNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCNCN 


. 


STRESS  DATA  :  CONFIGURATION  1  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


169 


CN 

CN 

— 

ID 

o 

o 

o 

o 

IP 

N- 

O 

o 

o 

o 

CN 

CO 

^7 

o 

CO 

O 

ro 

(S 

o 

o 

o 

o 

CO 

*7 

o 

o 

o 

o 

G 

CP 

f— 

in 

co 

o 

<P 

CO 

O 

in 

o 

o 

o 

o 

CN 

IT) 

ID 

o 

o 

o 

o 

CO 

(P 

0) 

o 

IS 

co 

— 

CN 

CP 

o 

d 

d 

in 

CP 

!-~ 

o 

d 

o 

in 

CO 

CO 

co 

IP 

o 

co 

CD 

GO 

00 

CO 

0) 

0) 

CT) 

CO 

CO 

co 

0) 

0) 

CT) 

oo 

CO 

00 

00 

0) 

LO 

co 

o 

1D> 

in 

o 

in 

^7 

<p 

in 

o 

in 

0) 

co 

CN 

o 

O 

CD 

o 

0) 

co 

co 

CJ) 

CT) 

— 

CP 

CT) 

co 

0) 

0) 

<p 

in 

in 

CD 

co 

co 

co 

in 

co 

o 

10 

in 

co 

o 

tn 

o 

in 

0) 

CO 

- 

— 

— 

o 

o 

o 

o 

o 

CN 

- 

- 

o 

o 

o 

o 

CN 

CN 

- 

o 

o 

o  o 

o 

o  - 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o  o 

o 

O  CT- 

*“ 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o  o 

o 

O  CT) 

o 

o 

o 

o 

o 

o 

o 

o 

OOO 

o 

o 

o 

o  o 

O  in 

d 

in  co 

00 

o 

o 

o 

in 

o 

o 

o 

o 

OOO 

o 

o 

o 

o  o 

CT) 

0) 

co 

00 

CT) 

CT) 

CT) 

CT) 

0) 

0) 

CT) 

CT)  0) 

CT) 

0) 

CT) 

0) 

in  in 

IP  CT) 

O 

co 

c- 

^7 

o 

co 

O  *3- 

o 

CO 

!"  o 

CT)  CT) 

00  CN 

CN 

O 

CO 

CN 

in 

in  co 

N 

O  in 

-O’- 

O  1”  CN 

in 

O  t” 

CN 

r- 

in 

O  o- 

CN 

ip 

in  o 

OOOOocn 

- 

- 

0. 
0. 
2  . 

CN 

- 

- 

O  O  CN 

CN 

— 

- 

O  O 

ocO'C’S-cmipttcm 

inminOiPf-coCT) 

r-roootJ)r'inr5'- 


re  —  —  tc  ^  CM  CP 

■>-  ip  cm  r-  co  O)  c~ 
—  ,,?Oinn  —  0*1 


c-  eo  oo  tt  cm  cn 

cv  n  (n  co  oi  ct> 

eCCNOJCD'-O'-O 


OcNinr^eo  cm  •>r  in 
’T  CT)  'S’  CT)  T  vt  CT)  'J 
iPOinOiPOr^Oin 


r-  eo  cn  in  c-  eo 

&>  V  *T  a  "ST  G)  *T 

OinONOitOioo 


'■'-OO0O0OOn’-'-OOOO«'-'-OOOOOOoiN'-'-OOCN(N»--OO0iiN'-'-O0 


•'T’Tnf'-’TIP’yCM  —  CM  CN  IP  ’T  CN 

iPinmCTiO’cipco  co  ^  <p  co 
—  '-’TCN’it'-’-inoot'~,?f~’-in 


invnncM-’-ooit'jn-’-o 


"T  (N  —  —  TJ  CN  CN  CN  O  IP 

—  in  CT)  co  ip  oo  ao  <-  in  co 

Oinmnco^inOinooiino) 


OMT^CN'-OOOOCOICn 


TCN  OBIT’TINOOCOtf'fCMO 

CN  CP  ’-^OCNIOO’-VCONUJO 

rHCODItOlPUDTHOOMOlO^ 


W’-OcoiO'jn’-oeouin'-o 


OOOOO  OOO 

OOOOO  OOO 

(Nn'jO'-OOOOMM'-OOOO 


OOOOOOOOOOOOOOOO 

I  I  I  I  III 


O  O  O  O  O  O 

O  O  O  O  O  O 

’-’--’-00000--0000000000000000 

ooooooooooooooooooooooooooo 

II  II  I 


CN 

o  o) 

CD 

ip 

<7 

CN 

CN 

O  CD 

IP 

CN  CN 

O  CD 

CP 

cm  cm  O  eo 

ip 

CN 

O  CD 

ip 

'C 

CN 

O  eo 

u> 

CN 

in 

CN 

0) 

in 

CN 

<7 

ip 

CO 

CO 

O  *7 

<P 

00  **- 

in 

co 

CN 

ip 

CO  CO  ^7 

00 

CN 

ip 

*-* 

^7 

00 

CN 

ip 

^7 

CO 

CN 

(P 

CO 

CN 

^7 

m 

O  co 

<7 

in  o  in 

CT) 

CO 

CO 

in  o  in  o  cm  in 

0) 

CO 

cc 

O  n 

ip 

CT) 

CO 

ip 

O  n 

ip 

CT) 

CO 

CP 

o 

in 

"7 

co 

co 

CN 

*** 

«- 

9 

0 

0 

CO 

— 

- 

O  O  r> 

in 

’T’ 

CN 

O  O  O  O  eo  ip  ^ 

CO 

— 

O  co 

ip 

■*7 

CO 

O  co 

ip 

^7 

CO 

- 

d 

tn’-f-CNCDlP’tCN 

ip  CT)  —  ■c  ip  t--  oo  ct> 

t'*C0CT)0)t~-inCD’- 


’--000000 


cn  co  in  to  -o-  CN 
cn  cn  r-  oo  O) 

O  —  O  in  co  — 


OM'-'-OOO 


CO  0)  —  CO  CN 
CN  CO  CO  CO  0) 
O  ’J  CO  CN  O)  CO  — 


OCN'-'-OOO 


CN  CN  ’?  in 

O)  ^  CT)  ’C 

O  *-  O  id  Oin 


O  O  O  CM  CM  — 


c-  oo  cn  •o-  in  c-  eo 

0)  ’T  ’S'  CT)  ’J  CT)  ■«? 

OiPOt-Oinom 


—  OOCNCN  —  —  O 


O  cn  -o-  in  t»  ao  O 

o  ((  o)  ^  o)  c  o 

—  f-  O  <x>  O  <p  — 


O  CN  CN  —  —  O  O 


O 

O 

O 

O 

10 


OOOOOOOOOOOOOOO  OOOOOOOO  OOOOO  OOOOO  OOOOO 

OOOOOOOOOOOOOOO  OOOOOOOO  OOOOO  OOOOO  OOOOO 

oooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  0-0  o  o  o  o 
(DCNinco  —  ’Tt'-Ococnin  —  ’JC'-O  ipcNco^c-Ot'-O  iccnco^o  ip  cm  cd  t  O  id  cn  co  ■<?  O 

—  —  —  CN  CN  CN  C)  —  CN  CN  CN  CT)  -  "  (N  (N  t)  CN  O  —  —  CN  CT)  —  —  CN  CT)  —  —  CN  CT) 


ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

0)0)0)C)cno)a)a)a)CNCNCNCNCNCNcNininininin,nincocO'-'-’-'-'-’-^'r^r'r-'r-i^P)DDr)r)r) 

(VNtNCNCNCNCNCNCNnnnnnnnnnconnnnoRnN^^NNt^t'iNNinininininin 


. 


CONFIGURATION  2 


STRESS  DATA  :  CONFIGURATION  2 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


171 


OOOt  n 
O  O  O  3  t" 

O  O  O  in  id 


o 

o 

o 

CD 

CO 

CO 

cn 

o 

r- 

TT 

CD 

CO 

CN 

r- 

o 

co 

c 

o 

o 

0 

CD 

0) 

3- 

co 

TT 

rr 

Is- 

CO 

CD 

in 

TT 

CO 

o 

o 

o 

0) 

0) 

o 

o 

0) 

r- 

CO 

o 

if) 

m 

CD 

h* 

o) 

co 

in 

CD 

o 

o 

o 

h* 

ID 

CD 

CO 

co 

CO 

CO 

CP 

in 

CO 

CP 

CO 

co 

CO 

co 

CP 

CD 

O) 

CD 

CO 

CO 

CO 

ID 

CD 

co 

CO 

CO 

CO 

CO 

CD 

co 

ID 

00 

co 

CO 

CO 

r^in0inO0Ooo0cooOOOf~3O 

n^Mno-nttioo^OOOOnDO 

nitifi’-OOMJinOoicinoOffltO 


TT 

o 

co 

in 

TT 

T5- 

m 

CO 

ID 

O  0) 

01 

ID 

0 

CO 

in 

co 

O  in 

O 

<3- 

CP 

CD 

CO 

CP 

CP 

CN 

CO 

o 

0) 

0) 

^  CO 

ID 

CO 

CN 

CN 

•O’ 

ID 

rr  CP 

CN 

CO 

O  r- 

in 

r- 

CP 

CP 

CN 

CO 

IT) 

co 

CO 

0)  3 

CN 

CO 

CN 

t*-* 

0  ID 

TT 

CN 

CD 

in 

CN 

0 

CN 

CN 

— 

*- 

o 

O  CM 

CN 

- 

z 

0 

o 

0 

CN 

3- 

O  O  O  O  CM  CM 

CN 

3- 

iromai'-'- 

(D  CO  CO  3  CM  O 


oi'joi'jcoOipno 

300'“lDin3CMlD 


CMCMCM'-'-'-OOCMCMCMCM'-OOOCMCMCMCMCM 


(M<jif)nou>(Meo 

30303f'3iD 

cDCMcocncMOr'tn 


CMCN'-OOOCMCM 

I 


Of^COlD0OCM<NCO 

cmiD'-c)'-303id 

Onic^OBoiun 


CM'-OOOCMCN'-'- 


0coOco3OiDCNr^ 

0'-30CM3iD0'- 

oucciOOoiciNO 


OOOOOCNCMCMCM 

I 


wnOOBMDO 
30303010'- 
ic  0)  n  o  iiu»  in  o 


’“OOOCNCNCMCM 


coco--'-r-'030t-' 

lD'-lD33lDf~C03 

cMiBOOtf'j’cnie 


'“OOOCNCNCMCNCM 


o 

co 

ID 

CO 

O 

•O’ 

o 

0 

CD 

CO 

3- 

0 

CN 

O 

0 

CO 

CD 

co 

o 

co 

*“• 

3 

co 

CN 

r** 

CN 

t*- 

in 

0 

3- 

in 

CD 

in 

CN 

0 

r- 

ID 

0 

CO 

in 

in 

*7 

in 

co 

3 

CO 

in 

in 

r* 

o 

CN 

CO 

3 

CP 

CO 

3CM'-oO0eoOO3iDO0coco3  —  00'-r-'- 
CM'-co0CMCDCMr-'0CM0'-'-0033CNi0O0CM 

^inintooiO'JicoOffi’JOM'ccocio^vcoo 


co(D30'-oeot-03CMOOcoi0030rM’-oOcot-iD000'-Ooof^t^<D3CMOOcor"'t''i0co 

ii  iii 


o  o  o 
o  o  o 


OOOOOOOOOOOOOOOOOOOOO 


ooooooooooooooo 


o  o  o  o 


o  o  o  o  o  o  o 
o  o  o  o  o  o  o 


ooooooooooooooooooooooooooooooooooooooooo 

I  I  I 


o 

o 

CM  o 


o  o 


OctMfl’fMOOCJMnn-  ocoid030cm-- 

'-3mcMiDO'-t-'-000  '-3co0cm0(D0 

3i0000'-30cn--3CDO0t^OcN03i0co 


oDinvn’-oof'in'TCMOOaiicinTfncM’-o 

i 


o 

0 

CO 

ID 

TT 

CN 

CN 

in 

CO 

3- 

CO 

0) 

0 

co 

3- 

3- 

r- 

*7 

■r- 

co 

CN 

ID 

CN 

in 

o 

in 

0 

CO 

CN 

ID 

0 

CN 

in 

ID 

CO 

0 

O 

ID 

o 

o 

0 

•C 

o 

CN 

•^ 

CO 

o 

o 

CO 

CD 

o 

GO 

7 

6. 

5 

5  . 

3 

■ ^ 

d 

CO 

7. 

7 . 

6 

4  . 

CN 

0 

o 

8 

7. 

7. 

6  . 

8 

cm  3  0  r--  co  O  cm 

C  Q  ’T  CD  M  O  ^ 

CO  CM  (D  CD  CM  ID  f» 


CM  CM  ^  O  O  O  CM 
I 


CO  O  CD  ID  O  CM 

ID  CM  CM  CM  O  3 

in  O  n  ic  ^  in  oo 


CM  CM  o-  O  O  O  CM 
I  I 


*3-  in  --  t"  n  co  id 

0)  •'3  r~  0  cm  3  CM 

cm  in  n  a  in  n  o 


cm’-'-OOOO 

i 


O  CM  CO  3  O  in  c* 

O  3  ID  0  CM  3  CD 

3  co  in  cm  o  in  O) 


O  CM  CM  CM  CM  i-  O 

I 


eoOcocDr-O'-co 

3O30t^CMf-CM 

001DID0OCMID 

OOCMCMCMCN'-O 

I 


3  O  t"  in  CD  3  P- 
f~  O  3  CD  CT)  3 

O  cm  cn  3  3  n  id 


O  O  CM  CM  CM  CM  CM 

I 


ooooo  oooo 
ooooo  oooo 
ooooooooooo 


oo  ooooooo 
oo  ooooooo 
oooooooooo 


o  ooooooo  ooooooo  ooo 

o  ooooooo  ooooooo  ooo 

oooooooooooooooooooooo 


ooooooo 

CD  CM  CO  3  O 
■>-  *-  cm  0 


ooooooo 

co  0  in  r-  O 

i-  CM  CM  CO 


ooooooo 

id  cm  0  co  ••-  3 
*-  1-  *-  CM  CM  CM 


oooooooo 

O  co  id  0  cm  CO  3 
co  —  CM 


OOOOOOO 

O  cm  m3  0  in  *- 

CO  '-CM 


OOOOOOO 
C-  O  CM  3-  CD 
CM  CO 


OOOOO 


OOOOOOO 

OOOOOOO 

oooooooo 


oooo 

oooo 

oooo 


oooo 

oooo 

oooo 


oooo 

oooo 

oooo 


oooo 

oooo 

oooo 


oooo 

oooo 

oooo 


oooo 

oooo 

oooo 


ooooo 

ooooo 

ooooo 


o 

o 

o 


ooooo 


STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  T AU  THETA 


172 


o 

o 

CN 

CO 

n 

n 

r> 

CN 

rr 

CM 

o 

o 

o 

ID 

CC 

co 

CN 

n 

CN 

CO 

CO 

o 

o 

o 

in 

n 

ID 

CO 

in 

CN 

o 

o 

o 

CD 

CO 

CO 

ID 

in 

CO 

m 

CO 

o 

0) 

01 

CO 

CD 

co 

CD 

CD 

co 

CD 

co 

O) 

o 

o 

o 


o 

01 


c D 
co 
id 


CD 

CD 

I 


cNnn^irO'-Nfflw 
(DONOiDOO'f  int 
iDiDininmoiD  —  —  oi 


cococococDOcDr^t^iD 

COCOCOCOCOOlOOCOCDCO 

i 


O  ^  —  "S-  in 

r~  co  in  n  — 

co  o  id  o)  in 


icin'?  no 

CD  CD  CD  CO  CO 


CD 

CN 


m 

co 


n  cm  'i  o  in 

co  cm  n  O  id 

id  co  in  o  in 


co  in  —  in  oo 
co  co  co  co 

i 


01 

TT 

in 


co 

co 

i 


O  CN 
O  CN 
O  CM 


O  t" 
oi  co 


co  O 
in  in 


00  CD 

CD  CD 

I  I 


co  in  O 

CD  0)  O 

in  in  O 


co  co  O 
co  co  O) 

i  i 


co 

ID 

CO 

CO 

in 

in 

CO 

CN 

ID 

CO 

CM 

o 

ID 

r- 

o 

h* 

o 

CO 

o 

■*- 

CD 

o 

CO 

n 

CN 

o 

in 

01 

ID 

n 

*- 

ID 

CN 

CM 

CN 

CN 

- 

- 

- 

o 

o 

6 

o 

CN 

CM 

CN 

CM 

■*- 

CO 

ID 

01 

CO 

CN 

01 

1^ 

ID 

r- 

in 

o 

CO 

co 

in 

CN 

co 

o 

o 

01 

O  O  O  O  O  00 

CD 

r- 

ID 

co 

CN 

CN 

-r- 

CN 

CN 

2 

2 

CM 

<1- 

in 

CO 

in 

Oi 

ID 

•c 

CO 

■*“ 

o 

ID 

CO 

o 

n 

01 

h- 

ID 

ID 

o 

r- 

01 

ID 

CO 

o 

01 

01 

O 

O 

01 

01 

o 

o 

o 

— 

o 

o 

o 

o 

— 

— 

CN 

CN 

— 

— 

CN 

CN 

CN 

CD—  OCOCNCOO—  O01CNIDCNID 
f-  co  oi  —  '»ineoo^TiniD^f'0) 
CDCNCN-  IDCNOlt'-TI  —  OIDDO 


CNCNCNCN  —  —  OOOOOCNCNCN 


C-COlD'T'S-CNin'TCNOO)CMO)CO 
O—  CNdOlD  —  IDt^COCOCOCDOl 
'-’-OlN’-OOOMC'fN'-'- 


CNCN  —  —  CNCNCNCN  —  —  —  —  —  — 


0  0  —  00)  0)0  —  OOOOlOlf'CO 

OcoO'o-in  —  oir--—  oir"~(Din'i 

—  Olf^^T  —  OOOIOOIOIOICDCOCO 


'•OOOOOM'-'-’-'-'’-'- 


O  O)  in  OI  O)  CO  — 

0)  —  ■•?  —  CD  ID  *3- 

—  o  co  —  —  CN  co 


O'  ID  ID  in  -9  CO 


in  o  id  cn  o)  oo  oi 
—  o-  t  id  —  co  in 
in  id  co  —  O  — 


in  -  O  O  co  MC 

i 


OIOICNID'-^-'- 
©’-rriDco'T'- 
co  cn  oi  in  —  —  — 


CD  ID  in  in  ID  ID  <D 


oo  —  incoiD  —  coco 
co  —  co  in  oi  cn  ^  c- 
Oco^  —  t-'O-Or- 


iDininin'T'c-'TCO 


—  in  o  id  co  — 

—  r-  O 

co  in  id  co  o  O  oi 


co  cn  —  o  O  id  in 


OOoitnOr-  — 
r-  in  co  O  n*  co  O 
OOOKDCDOlO 


id  id  in  in  in  in  id 


ooooooooo  oooooo  o o o o o o o o o o o o o  oo  ooooo 

ooooooooo  oooooo  ooooooooooooo  oo  ooooo 

OO  —  —  —  CNCNCN  —  —  —  OO  —  —  —  —  —  —  O  —  CNCNCNCNCOCOCOCOCNCN  —  —  o  —  —  OCN  —  —  —  — 


OOOOOOOOO OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

II  III  II  I  I  I  I  I  I 


o 

o 


OC'3mf~iDin''TCicN  — 

oi  —  'S-  —  co  in  cm  oi  id  n 

—  OCD  —  —  CN  P)  'J  ID  ® 


n-r~iD(Din'^-ncN  —  O 


oi  co 


O  O 


r- 

O 

co 

01 

01 

co 

•*- 

O  to 

ID 

O) 

CO 

CN 

v-  LO 

CO 

o  o 

(D 

CN 

CD 

m 

in 

CO 

ID 

O  r- 

O  CN 

01 

CO 

CN 

01 

ID 

co  O 

CO 

to 

o 

ID 

to 

O 

CO 

CN 

Ol 

in 

O  CD 

CO 

O  r- 

CO 

ID 

co  O  O 

01 

o  o 

O) 

o> 

CO 

01 

o 

6 

6 

6 

in 

5 

6 

6 

6 

6 

5 

5 

5 

4 

4 

4 

3 

3 

2 

— 

0 

0 

6 

5 

9 

9 

5 

5 

5 

5 

6 

O  so 


n  —  cMOin  —  t-  co  co 
r^eooicN'S’t^oicN'^-n- 
CD  CN  CN  —  CD  CN  01  f-  T  — 


CNCNCMCN  —  —  OOOO 


OiDCNCDOlOcor-iDCNi^ 

O'TMnOCKMOOlO- 
—  id  co  O  —  —  oi  i"  —  OO 


O  CM  CM  CM  CM  CM  -  —  CNCNCN 


^  in  —  Ocor'inTTn-coco'? 
r-cooiOO  —  CNOOOicN^rr- 

On-iDinncNCM  —  oif'-fl-  — 


cn  —  —  —  —  —  —  —  OOOO 


(Do  —  co  co  cn  —  oicd 
—  oit^cNOicot^in^T 
OOoioioioioicococo 


OCM  —  —  —  —  —  —  —  — 


o  o 
o  o 
o  o 


oooooooo 

oooooooo 

oooooooo 


o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 
o  oooooooooooooo 
oooooooooooooooo 


ooooooooooooooooo 

ooooooooooooooooo 

ooooooooooooinomoin 


o  o 

O  TT 


oooooooooooooo 
(DOICNincD  —  nf^o  O  ID  CO  01 
—  —  —  CN  CN  CN  O 


OOOOOininin 
O  —  t^cooioiO  — 


in  in 

CN  O 


inininooooom 

•^miDCD  —  'thou 
—  —  —  —  CNCNCNO 


Oinon-OcNinc' 

OlOlOCOOlOlOlOl 


Ooooooooooooooooooooooooooooooooooooooooooo 

Oodoooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOininininin 

OoddoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOinininint'-r'-t^t'-t- 

ininininininininininint^f^n-r'r'O-t^cocDcococDcocDcocDcococDcococococDCDCDcocDCDcocDco 


STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


173 


O  in 
O  co 
O  r~ 

O  co 
CD  co 


CD 

•*- 

CO 

CD 

CN 

LD 

CN 

•<7 

eo 

CO 

CD 

o 

ID 

in 

ID 

ID 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CD 

CO 

i  i  i  i  i  i 


co  O  CN  «-  DT 

in  —  ocninr'- 

in  ID  O  CN  CN  CD 


fflooON'jn 
co  m  o  co  co  co 

i  t 


co  r-  cn  in  O)  in 
>-  S  CN  ID  o  IT 
r-~  t  cn  0)  cn 


—  c\  —  cn  rr  CD 
co  co  co  co  co  co 


'-'tONOOM 
--  in  o  CD  r-  O  in 
ffl  -  O  <5  ID  O  CN 


^  O  ID  CO  (0  O  ID 
co  co  co  co  cn  co 

I  I  I 


O  CN 
CD  CO 
O) 


CD  CD 
CD  CO 
I  I 


CO 

CD 

CD 

CD 

CD 

CD 

CO 

CO 

I  I 


CN 

CD 

o 

■*- 

CO 

ID 

LD 

CD 

CN 

*■* 

CN 

CO 

CO 

•<? 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

II  II 


CN 

o 

o> 

o 

CD 

CD 

CO 

CO 

r- 

^7 

CD 

CD 

in 

r- 

CO 

ID 

CD 

LD 

LD 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

I  I  I  I  I  I 


LD 

o 

—  10 

CD 

*7 

CN 

CO 

CO 

CD 

r-  to 

<7 

*7  CO 

CD  CD  CD 

C  ^7 

o 

CO 

1"  CD 

CN 

CD  CD  O  ^ 

ID 

CN 

CN 

CD 

ID 

CO 

CO 

CD  'T 

^7 

to 

ID 

ID 

o 

o  - 

in 

^7 

O  co 

CO 

in  CD  CD 

o  o 

CO 

O  CD 

O  eo  O  O  cn 

o 

ID 

CO 

to 

<7 

to 

CO 

O  05 

O 

0) 

o 

0) 

CD 

o 

O  05 

r- 

ID 

<*7  CN 

co  in  cn  o 

CD  O 

CN 

CD 

CD  00 

eo 

(D 

O  O  CD  CN  co 

oo 

CD 

CD 

CD 

o 

CO 

CN 

CN 

CN  ■*- 

■»- 

— 

- 

— 

CN 

CN 

CN 

CN  t- 

-- 

-  -r- 

*- 

dodo 

■*“  CN 

CN 

-  T- 

■r- 

CN  CN  CN  CN  **- 

— 

T- 

CN 

CN 

CN 

(DcniniD  —  cDcoi'-in'o-incn  —  eoin^f^aiOimcDr' 
'TiD<DCT)'-cof~cD^JcocNt^inLncniDiDCT)r'CDfoir 
mnoo)00)ff)a)ojr>-NcoiDn"--'-oo)iD’JCN 


CNCNCN'*-CN»-,'~»-'’-»-'-''-»-»-'-*- 


t"COt'~CD^-r--P>0)CNr'''-O*!'O1C'O(D'T'<TCNt-'-CO 

'-coincoocno<DOcDCD»-(Dco^',s'r'D''S--^r^'<T 

a)OcNcocDa)a)cococoa)a)in»-iDCNCT)iDCNTj-Lnco 


iDcneNcricoTj-nTrcncNr'OtncNCN'-cocooiD 

CDCNOcoLnin<i'-OCT)D'OrocT3'-Or'iDr'CD 

OOr^incococDCDcor-inniDCDOOicoiDincNO 


r^-^CNCDC0CNC0C',^-O'VO'TCNlDr)'-lDCD0) 

<DcniDCNf-cncDcnOr'-cnoO<Dcnoc0''Tcnin 

Or^r-(DiniDr'-iDiDr~r~CDOiDiDin<DiniDin(D 


^"^OOOOO 


t-~r'-iDinininininininmininin'5*TcncncncN'»-ooinininininininininininiDinininininininin 


OOOOOOOOO  OOOOOOOOOOO  OO  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

OOOOOOOOO  OOOOOOOOOOO  OO  o o o o o o 5 o o o o o o o o o o 

0'-'-CN’-'-'"--^'^«-0CN'^Vin'g'^inCNCN’-'~0'-*-0C,)CN'-'-CNCNCN'^rTCN'-CNCNr5CnCN'>- 


ooooooooooooooooooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


h* 

CD 

in 

00 

■*«* 

*7 

o 

to 

CD 

ID 

«*- 

<*- 

■O' 

r- 

o 

CO 

to 

CD 

*7 

CO 

CN 

*7 

CD 

CN 

CN 

CD 

LD 

■*7 

o 

CN 

CO 

CO 

CD 

LD 

CN 

00 

TJ 

o 

00 

in 

r-* 

o 

CO 

o 

to 

CD 

ID 

CO 

o 

CN 

^7 

CD 

•*— 

CO 

CN 

CD 

CD 

CO 

CD 

CN 

to 

o 

CD 

CN 

CD 

CN 

CD 

to 

CD 

to 

CD 

LD 

(N 

CD 

LD 

CN 

CD 

LD 

05 

o 

CN 

eo 

a> 

CD 

ID 

CO 

00 

CD 

CD 

LD 

LD 

CD 

ID 

CN 

CO 

in 

CO 

o 

CD 

ID 

ID 

CD 

ID 

ID 

CD 

<D 

in 

ID 

ID 

LD 

in 

ID 

in 

CD 

f** 

ID 

in 

LD 

m 

ID 

LD 

in 

in 

ID 

ID 

LD 

LD 

«7 

^7 

CO 

CO 

CO 

CN 

- 

o 

o 

ID 

in 

ID 

ID 

ID 

in 

LD 

ID 

ID 

ID 

ID 

LD 

ID 

ID 

ID 

LD 

in 

ID 

in 

in 

(D'-r-iD'3-cN'*-oe>iDin 

rro'CDO'-CDcor'ia-ncN 

(DfoOoocDa)a)cop'> 


CNCNCNCNCN'-'-’-'-’-’- 


cN---Ocoi^in'tt'-cnco'>3- 
COOlOO'-CNDCTlCNTTr^ 
CDinrTCNCNCN  —  (Dt^^CN 


CDincN'fCDt^iD^rcn 

(DCNO'-lDin'C-CN-- 

Ocnr--incncocncDcor'- 


eNinr-iDincDCN  —  Ocdoo 
ONn^WM’-OCINCO 
UmiCOOCMCMDCNO 


OOOOOOOOOO 

OOOOOOOOOO 

ooooooinooino 


OOOOOOOOOO 

OOOOOOOOOO 

OOOOOOOOOO 


OOOOOOOOOOO 

OOOOOOOOOOO 

OOiDiDiDOODOOin 


OOOOOOOOOOO 

OOOOOOOOOOO 

OOOtnoinomotno 


OOOOOcnr- 
cd  cd  r~  co  co  co 


Oint'-ominininininin 

oKmiOO'cintiniD 


OOOOOf^n- 
co  ^  ^  c-  O  co  0) 

■>-  CN  CN  CN  cn 


cNOinf~Oin[-~omot^ 

OCDCDCOCDCDCDOO'-OD 


O  CN 
CD  CD 


in  f-~  o  cn  in 
0)  CD  o  O  O 


O 

o 

o 


o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 


o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 


o  o  o  o  o 
o  o  o  o  o 
o  o  o  o  o 


o  o  o  o  o  o  o 
o  o  o  o  o  o  o 
o  o  o  o  o  o  o 


OOOOOOOOOO 

OOOOOOOOOO 

inininOOOOOOO 


OOOOOOOOOO 

OOOOOOOOOO 

OOinininininininin 


OOOOOOOOOOOOOOOOOOOOOOOiNCNCNinininininininininr^C'-t'-t'-r^r'~i'~!'~ 

5l0)0)t0C}(JIOC)0)(Jl01010)OC)0)010)(II0)0)lD01010}(D010)tD0)Cn{J)CDIJ)(J)0)OtIl(]IO0)(J)CH 


STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


174 


o 

ID 


CD 


o 

CD 

CD 

rr 

CO 

CD 

CD 

(\ 

CO 

CD 

r- 

r- 

CP 

CN 

o 

(P 

IT) 

LO 

o 

in 

o 

CD 

CD 

CD 

LO 

rr 

CN 

CD 

in 

CD 

CD 

in 

CD 

CP 

o 

LD 

CO 

CD 

CD 

IX) 

IT) 

CN 

CO 

CD 

CN 

**“ 

CD 

CD 

CD 

(P 

CN 

CD 

6 

CO 

CO 

CD 

CD 

■D- 

<D 

LT) 

CD 

CO 

r- 

00 

CD 

05 

o 

(N 

CD 

CD 

CO 

CO 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CO 

eo 

CO 

r- 

r- 

CO 

CO 

CO 

CO 

00 

I  t  I  I  I  I  I  I  I  I 


tNOCT)iDf~n>TTO>cNa)roiDtninf-'3-,?cor"'iD 

tDOcMCNincMO'-ncDiD's-cNconiDCNOiCNinn 

'-Ooo'TCDCNco'Tinr-cDr'-OiDcorTOicc'TC'or- 

coincNiDr-iDrD^J'CDOipcoin'-t-'t'-O)  —  r~iniD 
t^TCCoococccccoeocor-i^cocoiDcor-f-iDr-co 

ii  i  i  i  i  i  i  i  i  i  i  i  i  i  i 


LO 

CD 

CD 

o 

o 

CD 

CD 

n 

CO 

««- 

CD 

CN 

CD 

CN 

CD  CD  CD  C- 

CD 

co 

CO 

CD 

CN 

in 

in 

CN 

in 

CN 

TT 

CJ> 

Q) 

CO 

o 

CD 

CD 

CN 

rr 

CD 

in 

n-> 

CN 

CD 

CD 

CO 

CD 

CD 

CO 

IP  CD  'T  CD 

CN 

CD 

r- 

CD 

CD 

CD 

CD 

GO 

in 

CD 

CD 

lO 

CD 

CD 

h* 

CD 

CD 

CN 

CD 

CD 

in 

CD 

CN 

CN 

o 

co  in  cn  o  cd 

CD 

in 

CD 

in 

CD 

in 

o 

CD 

CO 

CO 

in 

o 

CD 

CN 

CN 

CN 

— 

**- 

- 

— 

- 

CN 

CN 

CN 

CN 

O  O  O  O  - 

CN 

CN 

— 

■r- 

- 

CN 

CN 

CN 

CN 

CN 

o 

— 

- 

CN 

CN 

cninoo'^m'-r-coiD 
*J'3'CDO)OjCNO)COlD 
■•-iDro  —  Of-cococD 


'-CNCMCNCM'-'-'-'- 


r^lDCOlDCDCNlDn 

nn^wcon’jtN 

'?O)COCN'3-'~'-C',0 


'-OO'-'-'-'-'- 


O  d-  co  o>  o>  ro  Oh 

it  o)  h  o)  n  in  '-cd 

OlOOHB'tNOhh 


'-'-OOOOO'-O 


f^r'lD'JCDCDCOCD 

CDlDin'-CDCDCOCD 

Ooihhonnm 


’--*-*-'-■'-00 


CNt'-OCDQO  —  CNI--0 
rOCDOOlCDin'-OOC) 
CDCDCDCDO)  —  COinO 


OOO---OOO 


—  iDr'-f-couioicoin 
cD'-coinooo,?cD'5- 
cnomocncNconin 


inr-iDiDininininin 


CD  —  05  —  rxincNf- 

CN'jcoiDfO'-roeo 

■s’^rr^O  —  —  coO 


ininiDCDiDin^'Q' 


—  CD  CO  —  CN  in  05 

eo  c-  t  —  c-  in  co  — 

C-in  —  ■'tfinr-OCDCD 


nnncN’-OO'Tin 


CD05CNO-  ^TCD  — 
COOin  —  COCDin  — 
■>?oincciin-q-'?in 


lDin*T’T'?’T'?in 


cncooooo)  —  ininco 
mmroiChCN’-coo 
•Tin—  cNiDtn’TiDCN 


cDwin'tnnnvm 


o  ooooooooooooooooooooo  ooooooooooooooooooo 
o  ooooooooooooooooooooo  ooooooooooooooooooo 
MO,"''ni'3'n«n'fn'-oihOhL')^nnioi'-’-0'jnniNnnnino)OiniDin’-Oh'-on 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO'-OO'-OOO'-'-O 

I  I  I  I  I  I  I  1  I  I  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


CD 

CD 

in 

n* 

CN 

CD 

ID 

CN 

CO 

CD 

h* 

O  CD 

CD 

0) 

CD 

CN 

in 

o 

CN 

CD 

CD 

«»- 

CD 

CD 

CN 

co 

CN 

0) 

CD 

CN 

CO 

CN 

co 

in 

n- 

CD 

CN 

in 

CN 

CO 

CN 

CO 

in 

CN 

CD 

CD 

CN 

CD 

CD 

CD 

CD 

o 

CD 

CD 

■r- 

00 

•*- 

CO 

in 

CN 

CD 

m 

CN 

0) 

05 

CO 

CD 

O 

CD 

CD 

CD 

in 

CD 

r- 

o 

o  a) 

05 

in 

CD 

in 

O  CD 

(P 

05 

in 

m 

CN 

CD 

CD 

in 

CN 

CD 

CN 

0) 

D- 

in 

r* 

CD 

IP 

in 

in 

in 

in 

in 

in 

in 

m 

CD 

CD 

•<T 

CD 

CD 

CD 

CD 

CN 

— 

O  O 

in 

CD 

in 

CD 

ID 

CD 

CD 

CN 

CD 

f~in  —  r-~iDcoc>ocnoiDin‘>3-  —  oror-in'Ti-nco*? 
in,jhff)OiBNOcohif)itno)00’"CNnci)M'ih 
'•lEn-’-hcnoiifi'ccncDCNinnnij'n'-oihniN 


OlD’?O®0>CNOC0t^(D''?  —  05-  OO5C0f~ 

id  —  CDcoco’TniNineor-in  —  oo>coiDin*T 
OhcootDhhCD'Jinifiiioinomnheom 


—  CNCNCNCS  —  —  — 


O  O  —  —  — 


—  —  OOOOO  —  O--  —  —  —  —  OOO  —  —  cm  —  -  OOO 


O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
LI)OOOOOOOinOOil)OOOOOOOOOOOOif)inif)OOOinOOinOOOinOinOin 


hOOOOinoinhOinhOininininininoOOOOhMNOOinhOin 

o  niflhB0)a)OOOO--«n^iniDC0’-'jhO0)O-»c»0)(J)OO 


hOinOhOwinh 
O  —  —  cmcdOOOO 


D 

r> 

n 

c 

o 

r>  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

n 

o 

n 

o 

o 

o  c 

3  O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

o 

o 

CO 

CJ 

o 

o 

CO 

o 

o 

o 

CO 

o 

o 

CO 

CO 

o 

G 

G 

G 

G 

o 

G 

o 

in 

6 

o 

o 

o 

o  c 

3  O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

CO 

o 

in 

in 

in 

CO 

CO 

CO 

CO 

CO 

CO 

G 

G 

G 

G 

in 

in 

in 

in 

in 

hOOOOOOOOOOOOOOOOOOOOOOOiMhrvinininiiiininininifunhhhhh 

dooooooooooooooooooooooooooooooooooooooooo 

'-MNMN(NNN«NNCN«(NNMW(MN(MNNNCMMNN«NCNN(NCV(MWCVWWCMCMCHCM 


207.500  110.000 


STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORO  Y  COORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


175 


CM 

o 

in 

o 

o 

CO 

co 

in 

o 

CD 

o 

O 

o 

CD 

■*” 

o 

r- 

o 

o 

o 

in 

CO 

o 

o 

in 

CO 

o 

CD 

o 

o 

7 

r- 

o 

CO 

O 

o 

o 

C- 

CO 

o 

n 

o 

o 

CO 

co 

CD 

o 

in 

NJ 

in 

in 

r- 

CO 

CT) 

h* 

0) 

CT) 

CO 

00 

CO 

0) 

co 

*3 

*3- 

iii  ii 


*- 

CM 

CM 

10 

o 

0) 

f- 

CO 

o 

10 

CM 

o 

O 

O 

■*“ 

CD 

CM 

■*“ 

0) 

o 

o 

CO 

o 

O 

10 

in 

CM 

7 

CM 

in 

o 

o 

CO 

o 

o 

CO 

0) 

CM 

CM 

7 

7 

CM 

7 

o 

co 

in 

in 

7 

10 

co 

CO 

CO 

CO 

CO 

CO 

0) 

in 

CO 

*3 

*3 

in 

CO 

CD 

o 

CM 

CD 

to 

o 

o 

o 

f"* 

o 

7 

CD 

r- 

o 

CD 

f* 

O 

CO 

o 

o 

o 

CO 

o 

in 

o 

CO 

co 

o 

n 

CM 

co 

in 

o 

o 

o 

CM 

0) 

r- 

10 

CD 

O 

o 

f- 

r*» 

h* 

in 

in 

in 

CN 

in 

CO 

CM 

in 

ff) 

CO 

7 

*3 

^3 

NT 

CO 

ID 

to 

i  i  i 


CO 

CD 

ID 

10 

ao 

CM 

0) 

o 

CO 

in 

7 

*- 

CD 

0) 

co 

— 

<D 

ff) 

CO 

*- 

CM 

7 

CM 

ID 

in 

*r” 

cc 

in 

00 

<7 

7 

0) 

O 

o 

r- 

CM 

CM 

— 

CM 

CM 

- 

O 

O 

o 

O 

o 

o 

O 

W* 

P) 

CO 

CD 

CM 

in 

CO 

r^ 

in 

CM 

co 

o 

ff) 

00 

in 

in 

ID 

"7 

CD 

CD 

7 

cn 

0) 

o 

O 

0) 

<7 

7 

CO 

o 

o 

o 

o 

- 

- 

- 

o 

O 

o 

O 

O 

o 

o 

d 

CO 

**- 

in 

CD 

o 

CM 

CM 

CM 

ID 

CO 

CD 

in 

C 

CO 

o 

CM 

o 

ff> 

CD 

co 

co 

co 

CO 

*- 

CO 

N 

r- 

o 

o 

o 

ff) 

■<7 

CM 

o 

o 

O 

*»“ 

O 

O 

O 

o 

o 

o 

o 

o 

O 

7  in 

ID 

c- 

CM 

in 

*7 

CM 

CO 

ff) 

CO 

o 

cn 

CM 

"7 

CO 

(0 

r- 

CO  CM 

in 

h- 

o 

CM 

CO 

o 

ID 

CO 

o 

CM 

■7 

CD 

o 

o 

oo  ff) 

in 

CO 

o 

CO 

CO 

CT) 

o 

o  o 

7 

CM 

CO 

CO 

CM 

o 

o  o 

- 

CM 

CM 

CM 

CM 

- 

o 

T- 

o  o 

o 

-r- 

■r- 

f-  O  cn 

CO 

ID 

ct) 

CM 

in 

in 

0) 

ID 

in 

m 

V- 

CM  h-  CD 

o 

7 

T“ 

co 

<*- 

in 

CO 

O 

CO  — 

CO 

10  CO 

7 

ff)  o  o 

o 

in 

ct) 

(D 

co 

ID 

CO 

O  O  O  co  (D 

7 

ID 

odd 

*- 

d  o  o 

-- 

O 

-- 

- 

o 

o  o  o  o  o 

T- 

cnnt^ffir-CDCMncocNco  r~- 

inrMTOr'^p'aDwrMin  a> 

i£inini£>i£>t'~'-inr'-coa)OOio 

ininvMninmnN’-NOOiN 


cNOOiDO’-r'-CNrrcNCNr) 
cNCNncNininro’-iDcomt-' 
cMCNinicTTojo  —  roincNipOO 


NnnnnnwfN’-OPiNOO 


'-Trif)oou>n»-oo  n  eo  ro  n 

CM-^oicD'-O'fCN  r~  o  >3  r> 

inNMTaioONOOOfflinffiin 

CM'-'-><tC0C0CMCNOOOCM*-'-CN 


O  O 

o  o 

-  O  05  O 


o  o 
o  o 


O  o  O  O 

o  o  o  o  o  o 

OOO 

o  o 

o  o 

OOO  O 

o  o  o  o  o  O 

ooo 

o  o 

o  o 

1 

0 

2 

2 

0 

0 

3 

0)  P-  *3  CO  CO  CN 

CM  CM  ^ 

O  *3  CN  o  O 

*-  CO 

O  OOOO  OOOO 

O  OOOO  OOOO 

COO'-Wt^coOOOCO'S-CM"- 


o  o  o  o  o 

I  I  I 


OOOOOOOOOOOOOOOOOOOOOOOOCJOOOOOOOOOOOOO 

I  I  I  I  I  I  I  I  I 


t'-noicop'ioor'-co-'-t'-  <NcoOP)iDff>cNiDin'<3tNf'-CT)  ^3'-r'-co*-'<3incN  r-  co  ct>  in 

incNcoor-'TOt-cot'-r)  Oic^iDooOO'-fflino-'ij  '-concO’-noiD  cn  ff)  in  cn 

oincNU)triC'’-int^r'O)OOir>coo)^rin'^cN05OroLoa)iriOOinix>inincococoiooOOa)cocoin 

lDir)^Tt^lDininC0CN’-CNOOCM»-CNt0tOC0C0CNCN’-O,”CNOOeNO'_,3’C0CN'-CNOOOC^<^»-eM 


id  in  ”9-  t"  cn  co  r-~ 
to  cn  *-  c~  o  cn  co 
oo  oi  ->3  in  co  o 


o  n  O  (J)  in 

O  CO  NT  CM  CO 

co  co  OOOO'*- 


co^Ooor'U3eo*3’ 

r'~C0"3''3iniDCNin 

onn^n(N*-Oic 


O  CN  co  O 

CO  0)  CN  O 

ro  *-  c~  O  O  O 


tomco'-OcocN*- 

Ln^J-D’-CNCNCOC' 

OO^OCDincNP) 


id  in  co 

CN  —  O  0) 

O  O  O  O)  co  in  co 


00*-MdMN'*-*-*'00’-’-'-’-’-’-'-'-000*-'-00'-'-'-'-*-*-'-'-00000'"'- 


ooo  ooooooooooooooooooooooooooooooooooooooo 
ooo  ooooooooooooooooooooooooooooooooooooooo 
inoinoooooooinooinooooooooooinininoinoinooooinoinoinoino 

eNtnr^OOOOinoint'-Oinr-OinininininOOOOcNp'CNinf-OcNOOOinr'-OcNtnr-'OiNin 

—  c0iDf-a)OOO'-*"'-cNCNC0TriniDC0'-*?r'OO'-’-*-cNCNc0a)OOO’-'-'“*-CNCNCN 


o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

ooo 

o 

o 

o 

o  o 

o 

o  o 

o  o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

CJ 

o  o 

o 

o 

o 

o 

o 

o 

o 

ooo 

o 

o 

o 

o  o 

o 

o  o 

o  o 

o  o 

o 

o 

o 

o 

o 

in 

in 

in 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

O  in 

in 

in 

in 

in 

in  in 

o 

o  o 

o  o 

o  o 

o 

o 

o 

o 

o 

r- 

ooooooooooooooooo 

o  o 

O  CN  CN 

CM 

CM 

CM 

CM 

CM  CM 

in 

in  in 

in  in 

in  in 

in 

in 

in 

in 

in 

o 

o 

o 

' r - 

■*— 

•W” 

•*—  T— 

T— 

T- 

T- 

T- 

■*—  ■»— 

•*-  w- 

<T~ 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM  CM 

CM  CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

428  -83.242 


STRESS  DATA  :  CONFIGURATION  2  CONT. 

XCOORD  YCOORD  SIGX  SIGY  5IGXY  SIG1  SIG3  TAU  THETA 


176 


i" 

r- 


cn  o  in  in  0)  —  n 
n  o  O)  n  n  n 
co  O  to  n  cn  cm  r-~ 


O  O  O  0)  co  to 

O  O  O  co  O 

O  O  O  O  ■'T 


in  ^  o  co 
co  r~  cd  co 

i  i 


to  co  O  (" 
co  r-  r-~ 

i  i  i  i 


OOOmoi9 
CD  CD  0)  CO  to  CO 


co 

CD 

CD 

CD 

co 

CD 

CN 

O 

in 

in 

CN 

in 

7 

o 

O) 

o 

r- 

co 

CO 

T- 

o 

7 

CD 

7 

a; 

CN 

o 

"7 

7 

co 

■*“ 

CD 

o 

r- 

r- 

7 

CD 

CO 

in 

h- 

r- 

7 

7 

CO 

7 

in 

co 

GO 

CO 

r- 

CD 

CD 

co 

CD 

CO 

CD 

CO 

<7 

CO 

I  I  I  I  I  I  I 


0®'-i-cNr~  —  incocoOtocMOO 
nin'-^TtNrMsnoO'tooo 
■^CDooococDOcocNt'OvOOO 

r'incNCD'-coTr'-'-coOincoOO 

cocooof-cocoeocococoaicocDCDCD 

i  i  i  i  i  i  ii 


CO 

7 

CO 

in 

o 

CO  CD 

<D 

o 

CN 

lO 

CO 

(0 

CN 

ID 

CO 

CO 

o 

CD 

m 

10 

o 

10 

CO 

o 

CN 

h* 

o 

CN 

o 

in 

7 

ID 

in 

CN 

■*“ 

co 

h- 

•r- 

CD 

(O 

in 

CO 

7 

10 

CO 

CD 

CO 

CO 

o 

*- 

CN 

CN 

CN 

«f- 

— 

Z 

0 

CN 

■r- 

•r- 

■F- 

CN 

CN 

CN 

-r- 

*- 

«T“ 

7 

7 

7 

CO 

in  r- 

CN 

CO 

*7- 

in 

7- 

(0 

O  CD 

in 

7 

in 

r- 

o 

o 

CN 

CD 

7 

in  co 

CO 

CO 

'r- 

7 

CN 

CN 

in 

CO 

CO 

co 

7 

CD 

in 

7 

CD 

CD 

m  o  cm 

CN 

o 

7 

7 

7 

7 

ID 

CO 

CD 

co 

7 

7 

CO 

- 

O  O  O  O  CN 

CN 

CN 

CN 

— 

- 

F- 

F- 

F- 

•»- 

T- 

o 

'tiD’-coOcdticc 
^(MR'-rointNiD 
m  —  cococoiocDin 

’■-■OOOOO'- 


co^rminr-'-'T'-cM 

OcointocDincoro!- 

'fNOaicor'CNnn 


CNCNC\l*-00000 


CDf'-tor^inoioiof' 

eoncniPt^r'O-roi^ 

cdcn'ccncn-^ocdixi 


O------OO 


O  CM  <D  10  CM  CD 

to  i-  to  cd 
Oco<oinDrr~cM'- 


OOOOOO -f-  - 


*-0)cotNCNr~ncrico 

t^coocNa)f''-Or5 


in—-  o  ro  «  <»  v  *- 

OOlOOlCDNO) 

CDCNCNCNin’-’-'<T 


N^ioininrjnn 


OCDCO^-CN^iri^-rf 

OuniB^owno 

cDT’s-CDinr-ioinO 


f^cBin^-iTinirin'c 


CMCDOtDCDCDinCDI'- 

■<T'fOincc'-^rnco 

ococoin^^-oco^- 


nnnnnf)nn»- 


cd  r-  in  co  cm  to  cd 
CD  O  CO  CD  O  TO  CD 
O^-'^D'^cmOcd 


Oinin-j^TT^-cD 


--OCDCOOr-CDCOST 

'-IDOCD'-lD'T'-lD 

iDCM^cocoinocDO 


O  O  Q  O  O  O 

o  o  o  o  o  o 

■>-  co  O  cd  r-  r- 


o  o o o o o o o o o o o o o o o  ooooooooooo  oo 

o  o o o o o o o o o o o o o o o  ooooooooooo  oo 

r-000'-cNincMincor-incN’-'^CNCNCM'“0'~cNCDLniD'ccDCD'<Tin'>s-OCD'-0 


OOOOOOOOOOO 

I  I  I  I  I  I  I 


o  - 


oooooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  III 


CO 

7 

o 

co 

CD 

CN 

7 

o 

CD 

CO 

«»- 

CO 

CD 

in 

CD 

7 

o 

co 

in 

co 

1- 

7 

CD 

CO 

*r— 

CO 

7 

o 

to 

CD 

o 

CO 

to 

CD 

o 

CO 

o 

CO 

7 

CD 

h** 

7 

o 

CO 

r- 

o 

o 

10 

CO 

(O 

CD 

in 

T- 

CO 

•7— 

CO 

in 

CO 

in 

r- 

O  CN 

o 

CO 

CD 

(D 

CO 

CD 

CN 

to 

CD 

O  CN 

7 

*>- 

7 

7 

to 

CD 

o 

CN 

CN 

in 

o 

CO 

7 

CO 

7 

7 

CD  O  10 

to 

7 

co 

r- 

c- 

in 

7 

7 

O  to 

C-* 

O  rr 

o 

h- 

7 

o 

o 

0) 

in 

CN 

CO 

CO 

co 

in 

o 

CD 

o 

CN 

7 

in 

in 

in 

7 

CN 

CO 

to 

m 

7 

7 

in 

in 

in 

CO 

co 

co 

co 

co 

CO 

CO 

CO 

CN 

■F- 

0 

5 

in 

7 

7 

7 

7 

CO 

7 

7 

7 

7 

7 

7 

7 

CO 

•F- 

'-CN'-OCDCOlDCDCO'D-aiOOCOCM^OOOD'lDCD'-OeOf'OlD  CM--Ocnc0lDCDCN"-a>C0CNOCD«-'cf 

in^cDCMOor~inocDiniD'D-00)coin'TCD’-c-cocoCDCDco  iDin'D-CM^CDt^'TininiDCNOcDCTioo 

incDcocoor-'^iD'^'CNOO)CDcocMCDineocDincNcM'”Oa)CDOco(DinincocM'-D''T'-cNa)co'-OCD 

”0000"ClNN'--00000''"'-"00000000'^"'-'-00'-'-0 


oooooooo  oooooooooooooooooooooooooooooooooo 
oooooooo  oooOoooooooooooooooooooooooooooooo 
oinoinoinininooooooinooinoooooooooinoinoinininooooooooo 


O  r-  O  cm  in  r- 
CD  o 


cm  r-~ 

CM  CM 


OOOOinOCMin 
CD  (D  O 


OcNinOininininOOOcMinC'OcM^-cM 

CMCMCMCDCD^iniDCO'-O'-'-’-CMCMCMCD 


OOOOinOinoo 

cocdO'-'-cmcd'j^j 


n 

o 

n 

r>  n  n 

r> 

o 

o 

o 

o 

o 

o 

o  o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o  o  o  o 

o 

o 

o 

n 

o 

n 

n 

O  O 

o 

o 

o 

o 

o 

o 

o 

o  o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

p 

o  o  o 

o 

o 

o 

6 

in 

in 

in 

m  in 

in 

in 

o 

o 

o 

o 

o 

o  o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in  in  in 

IS) 

in 

in 

<J> 

o 

o 

o  o  o 

o 

o 

o 

f"- 

OOO00000000000 

o 

O  O  O  O  CM 

CN  CN  CN 

CN 

CN 

CN 

in 

in 

in 

in  in  in 

in 

m 

7 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN 

(N 

CN 

CN 

CN 

CN 

CN 

CN  CN  CN 

CN 

CN 

CN 

. 


177 


< 


LU 

I 


O  N  J)  (N  ID  o 

O  00  W  N  N  O 
O  r*  co  cm  O 


O  min  o  a 
O  co  co  O  r' 
O  ON  CO  O  ON 


O  ON  Ol  —  —  O 

O  in  oi  in  co  ■'T 
O  —  co  ip  O  on 


—  co  -  O  — 

in  -  in  o  ^ 

ro  o  n  O  n  in 


t  co  —  00  CD  CD 

in  —  t-  co  co  r- 
co  ro  <p  oi  ip  — 


ipinooo- r-Tj-oi 
coinoooroooco 
mcMOOOmoiooo 


in 

CO 

ro 


O  in  O  ip 
0  0)0*- 
O  ip  O  in 


SmmmSSSSS2®0ti®(,,N',n0n0'J'ft£l|'f'^n'»in^00in0Mnmo0in 

rococpcocororococorocorocor'-r-~cococococorocoa>cocDODoococoiDccroro''Tcor'~t'~cocoror'- 

1111  1  i  i  i  i  iii  . 


O  BO 
oi  co 


z> 

< 


in 

CO 

CM 

in 

ip 

ip 

CN 

01 

O) 

ip 

CN 

© 

CD 

01 

© 

CN 

T- 

3 

CO 

01 

in 

ip 

3 

CN 

01 

Ol 

CN 

CN 

CN 

o 

in 

o 

CN 

in 

in 

to 

_ 

CO 

to 

Ol 

LO 

to 

C-* 

01 

CO 

o 

to 

CN 

0) 

in 

3 

© 

o 

© 

ip 

3 

00 

CN 

co 

CO 

3 

to 

CO 

CO 

o 

01 

01 

3 

CO 

co 

3 

to 

© 

o 

CO 

to 

LO 

Lf) 

to 

CO 

0) 

to 

in 

to 

IP 

ip 

3 

CO 

ID 

3 

3 

CO 

CO 

in 

in 

in 

© 

CN 

CN 

0) 

CO 

in 

CO 

o 

01 

3 

co 

ip 

CN 

CO 

01 

O 

— 

— 

— 

CN 

- 

— 

- 

- 

- 

- 

- 

- 

O 

o 

- 

- 

- 

- 

- 

- 

- 

- 

CN 

— 

- 

o 

6 

o 

o 

o 

o 

— 

— 

— 

— 

CM 

- 

CO 

13 

in 


cNCO^ripocnincoip 
rocococororoipcoco 
—  OOOroco  —  cor^ 


O  —  —  —  OCNCM  —  — 


enrocoeororrcocN 

cocoinco'O'C'ipC' 

OOIOOOIOIIOO) 


-0--0000 


roO  —  corococoin'^- 
'jr^ro  —  ^Tinr^roo 
—  c-ior^incM  —  —  — 


-OOO----- 


T  01  CM  CO  CO  TT  CN  co 

v  n  n  0)  o  b  ffl  r- 
—  nipipinco  —  o  — 


-OOOOOOO- 


mcoincM'fOOfo 

coeoininTjcof'cn 

0>iPicinipr'CNO 


OOOOOOcncn 


CN 

co 

CO 

in 

CN 

■*- 

O  CM 

in 

ip 

O  r- 

3 

in 

CN 

Ol 

ip 

«r- 

01 

CO 

IP 

— 

CO 

o  ^ 

c** 

co 

CO 

ip 

CN 

h- 

3 

CN 

CN 

O  co 

to 

3 

r- 

to 

© 

in 

o 

CO 

3 

o 

CN 

Cl 

IP 

CO 

to 

O  f~ 

01 

CD 

ip 

r- 

CM 

01 

CO 

O  CM 

CO 

3 

IP 

*3 

0) 

IP 

r- 

CO 

© 

in 

O  in 

3 

O  IP 

© 

© 

in 

to 

© 

CO 

CM 

CM 

o 

CN 

01 

CO 

CM 

CN  O 

CM 

ip 

CO 

O) 

O  ip 

CO 

3 

IP 

3 

CO 

01 

in 

3 

CO 

in 

■<3 

in 

m 

O  O  ill) 

CO 

01 

CM 

© 

01 

0 

4 

3 

3 

3 

IP 

in 

3 

*3- 

3 

3 

3 

CO 

CM 

CM 

CO 

3 

CO 

O’ 

3 

3 

3 

3 

CO 

co 

CO 

<•3 

3 

CO 

- 

- 

0. 
0. 
3  . 

CM  co 

3 

3 

CO 

© 

ip 

in 

5-  OOOO  OO  O  OOOOOOOO 

X  OOOO  OO  O  OOOOOOOO 

0  Oco'vco  —  OO  —  cno  —  OcNTCOcNcnroinT 


in  OOOOOOOOOOOOOOOOOOOO 

I  I  I  I  I  I  I  I  I  I 


oooooooooo  ooooo  o  o 

oooooooooo  ooooo  o  o 

Ocococn  -  —  win^ro  —  OOOrocoincN  —  oipO  — 


ooooooooooooooooooooooo 

I  III  I  I  I  I  I  I  I  I 


CM 

3 

© 

01 

«*- 

O  0)  CM 

© 

t- 

^3 

-r- 

ip 

Ol 

■3- 

<p 

«r- 

■3 

o 

co 

in 

CM 

in 

O) 

3 

CN 

CO 

IP 

© 

© 

«¥— 

r- 

co 

CO 

CM 

> 

© 

CM 

in 

© 

■*“ 

01 

IP 

CM 

in 

o 

ip 

01 

01 

O  'T 

r- 

•3 

Ol 

•3 

© 

CM 

CM 

m 

CM 

ip 

ip 

CO 

o 

CO 

ip 

CO 

o 

ip 

co 

© 

© 

CD 

in 

CO 

o 

CM 

o 

CN 

01 

CO 

CN 

CN 

o 

ip 

F) 

O) 

01 

IP 

CO 

in 

CO 

co 

01 

in 

© 

in 

in 

moo 

CO 

3 

CO 

01 

■*“ 

oo 

01 

in 

0 

4 

3 

3 

'O’ 

IP 

in 

*3 

<3 

3 

<<3 

■*3 

F) 

CM 

CM 

CO 

CO 

CO 

^3 

"3 

*3 

*3 

^3 

n 

co 

n 

<3 

3 

CO 

— 

0 

0 

3. 

CN 

CO 

3 

3 

n 

F ) 

IP 

© 

+■> 

c 

o 

u 


CM 

V 


*— <  in 


cNOcoinroroin  —  rocorN 
roipco  —  roniproroco'? 
—  O  —  —  roro  —  cor^oo 


n-Ooi’-NOoinnio 
in  —  cNCNOiOcoinro  — 

O  —  OOcoO  —  co  r-  r-  in 


----O--OOO- 


cn  —  ococNinco  —  coof 
cororooipror^coccco 
on  —  —  —  —  coipoinro 


—  —  —  •■“OO—  OO 


cm  CNOeoipin^rooiP 
ro  rMOn-ipin^coc'd) 
'-OwOMCinicrotMO 


OO  —  —  OOOOOcncm 


<c 

Od 


o 


o 

o 


o 

a. 

o 

o 

u 

> 


ooooo  ooooooooooooooooooooooooooooooooooo  o 
ooooo  o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  o 
oininininoooooooooooinmtnininoooooooooooooinininoinoinoo 


Ontnmi'OOOO 
C'CMCNcnro  roipn- 


in  o  O  in  in  in 
—  cm  ^  v  in  ip 


OcNn-oNC'CNOOOOOinOinooooon'CMr'OCMini^OO 

cDCMCMrocn^opoO-  cMCM'q-Tjin  —  ■^n-OcMcnro'T^TTjTT  co 


<C 

Q 


OO 

OO  Q 
Lu  a. 
Od  o 
I —  o 

oo  y 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

6 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

in 

© 

© 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

© 

© 

© 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

© 

© 

© 

© 

© 

© 

© 

o 

o 

© 

r- 

r- 

r- 

o  o  o 

o  o  o  o  o  o 

O  O  CM 

CM 

CN 

CM 

CM 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

r- 

r- 

o  o 

CM 

CM 

CM 

CM 

CM 

CO 

© 

CO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

3 

3 

CN 

CM 

CN 

CN 

CM 

CN 

CN 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CN 

CM 

CN 

CM 

CN 

CN 

CM 

CN 

CM 

CM 

CN 

CM 

CM 

CM 

CN 

CM 

CM 

CN 

CM 

CN 

178 


< 


CO 

CN 

in 

o 

o 

o 

o 

o 

(P 

in 

CO 

o 

•^r 

CD 

o 

o 

o 

in 

TT 

o 

cn 

o 

o 

in 

GO 

id 

10 

IP 

d 

CO 

CN 

in 

in 

cn 

co 

CO 

CO 

CO 

0) 

ip 

cc 

*3 

MT 

p- 

in 

i  i  t 


ID 

CO 

O 

CN 

o 

cn 

■*r 

CO 

IP 

CD 

01 

ID 

o 

IP 

o 

cn 

c- 

IP 

O 

o 

O 

o 

■*“ 

o 

o 

CN 

0) 

CP 

co 

in 

d 

in 

o 

in 

IP 

IP 

in 

c* 

rr 

ID 

co 

0) 

CO 

cn 

ID 

CO 

CO 

CO 

CO 

co 

Oi^moocooi  —  ntnooi 
ffucroooiniDffi’-noro 
*30)  —  oooioiinr-ojoo 

n’-tDininoT«’"VOro 

r^trr-’3’3cotDcocor'~oico 

i  i  i  i  i 


CN 

ID 

o 

o 

c 

CD 

CO 

01 

CN 

CO 

o 

o 

o 

CM 

CO 

CD 

o 

CO 

CO 

in 

in 

o 

o 

C- 

CO 

CO 

<p 

CO 

<p 

in 

o 

o 

CO 

CO 

IP 

ID 

CO 

CO 

CO 

CO 

c^ 

0) 

cn 

CO 

CO 

CO 

co 

IP 

CO 

CO 

t  i 


CN 

0) 

CO 

o 

CO 

CO 

CO 

in 

co 

co 

O  in 

CN 

CN 

o 

CO 

in 

D 

IP 

**-* 

in 

o 

o 

in 

CN 

CO 

ID  01 

CD 

IP 

TT 

o 

o 

o 

< 

fr- 

IP 

IP 

r- 

in 

CO 

O'  o 

O  in 

in 

in 

in 

cn  in 

in 

CN 

in 

in 

CN 

—  —  OOOOOOOOOOOOOO  —  —  -  - 


01  MT  Tf  0) 

^=> 

ID 

co 

(D 

CO 

o 

o  oi 

LO 

CO 

O  *3 

CO 

h*  CO  CD 

*3-  oi  oi  in 

o 

in 

CO 

CO 

oi  n 

CN 

01 

O  r- 

CO 

in 

uiMfi-rOOiDonn 

m 

in 

ID 

CM 

ID 

CO  CN 

in 

IP  *0' 

C- 

co 

dooooooooo 

— 

— 

*- 

O  O  CN 

•r- 

»» 

■r- 

n  O  ro  -  cm  in  w  MS’--cMCMinOcMOe0M0 

O  —  —  CN  CO  CO  (M  tDCNOlUl’T’-f-tDOlOOCN  — 

i—  coicciniiii'OOh'JOOOMi)’-  n  n  cm  cm  - 

l/)  . 

—  —  ’ — -oooooo  —  —  —  oo  —  —  —  —  —  — 


ot'-o)  ’S'lnOi^c'i'-r^r'CNco’jOcNOcnn'ino 
nOv  —  ffi  O  in  ui  in  r)  *■  tDtccoO’J’T’if'n'in 
roinoooON'tcMCMC'ininminconcMCDMninincM 

OOOOOOO  —  —  OOOOOOOCM  —  —  -  OOO 


CO 

ID 

CO 

CN 

o 

00 

o 

CO 

in 

CN 

00 

01 

o 

co 

h- 

CO 

CN 

CN 

o 

LD 

tn 

CN 

CN 

CN 

o 

nr^t^cD  —  —  ec'T 
co  t--  <3  —  ip  O  tn  to 
OB^cMCMinror'ic 


O  —  —  cncn  —  —  —  — 


<D0icotDtDr-'<3co 

f-OicNCOr^oioi'^ 

'jcMOiiOninooo 


'j'jtnnci'-  —  O 


rjC'CNCDr-’j-no) 
Or-cotncocotncN 
O  cm  ro  o)  o  in  in  ro 


cm  —  —  —  n  n  n  n 


®CD'>?f'CT>lD0)lD'<Tm 

picNtDr-'-aicN^cN'^r- 

0--ittMOMnoin 


ncM-iDin'f^ovn 


> 

o  o 

o 

X 

o  o 

o 

o 

CN  CN 

■*- 

t-H 

in 

0 

0 

o 

OO  OOOO  O  OOOOOOOOO  OOOOO  OOO 
OOOOOOO  OOOOOOOOO  OOOOO  OOO 
CMCMOOCMW^-0-OCMCMCMCM-CM^inCMOOCMn--mO''CMlPO 


OOOOOOO 
OOOOOOO 
O  —  —  cmcmO’^'C 


o  o 

I  l 


o  o 


oooooooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I 


o  - 


o  o 

I 


>- 

o 

•—I 

to 


CN 

in 

*»- 

ID 

CN 

ID 

01 

co 

CO 

co 

ID 

O) 

CN 

in 

CO 

01 

ID 

01 

CO 

o 

CO 

CO 

in 

O  CO 

ID 

in 

r- 

01 

CN 

CN 

eo 

eo 

CO 

O  ID 

0) 

tn 

0) 

ip 

CC 

O  co 

in 

r- 

CO 

o 

c** 

co 

ID 

CO 

in 

•»— 

CO 

CN 

(P 

01 

CO 

CO 

ID 

CN 

<*— 

eo 

CO 

CN 

O  O  eo 

O  CN 

in 

CO 

r- 

m 

■or 

CN  o 

ID 

O  CN 

oo  O  O  01 

«*■* 

0) 

01 

OI 

in 

in 

01 

CO 

ID 

CN 

01 

01 

01 

m 

CN 

CN 

CN 

O  O  - 

CN 

CN 

— 

- 

- 

CO 

CO 

CN 

■r- 

o  o  - 

- 

T- 

T- 

CN 

co 

co 

CO 

CN 

CN 

ID 

in 

CO 

CO 

CO 

+-> 

so 

o 

u 


CNl 


CN 

<*-* 

CO 

CM 

o  oi 

Tf  CO 

CN 

O  CN 

O  in 

CO 

in 

CO 

CN 

01 

CO  CN 

IP 

m 

CO 

CN 

CN 

O  01 

CO 

cm  in 

CO 

CN 

CO 

CN 

o 

X 

CN 

CO 

CN 

00 

ID 

'O' 

O  0) 

in 

CD  rr 

CM  C- 

in  o 

CN 

CO 

CO 

3  o  oi 

CO 

r- 

IP 

in 

CN 

(P 

co 

O  >3 

in 

CD 

ID 

CN 

o 

CD 

CO 

(D 

CM 

CO 

c- 

.0 

.0 

8 

.  7 

CM 

OO  Mn 

CM 

CO 

CN 

CM 

<r— 

O  01 

CO 

0 

0 

.7 

ID 

CN 

CN 

01 

in 

in 

IP 

CO 

co 

CN  CO 

in 

0) 

ID 

CO 

00 

- 

- 

o 

o 

OOOO 

- 

-  - 

o  o 

— 

V— 

- 

- 

-  o 

o 

OOO 

o 

- 

o 

o 

o 

o 

o 

o 

0. 
2  . 

1  . 

•r* 

o 

o 

o 

C 

a: 


C3 


ooooooooooooooooooooooooooooooooooooo  oooooo 
ooooooooooooooooooooooooooooooooooooo  oooooo 
OOOOOinOOtnOOOminitunOOOOOOOtnOOinOOOinOiiiOitiOOOOOOOOO 


OOinOinf-Oinr-OtnincNr- 

ipt'CMtnno'jTiTjininisnn 


r'CMOOOOOOion'Oinr^OunOC'OcMinhOOOOOOinOin 
'ttncDCDO-cMnnn^'jvinininn^’jMrrrfflT}  in  in  Mn 


oo 

O 

o 

o 

n 

o 

o 

n 

<o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

oo 

a 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

UJ 

q: 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

cn 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CN 

CM 

CN 

CN 

in 

in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

C' 

r- 

r- 

CO 

in 

o 

o 

o 

o 

o 

o 

o 

1 

u 

rr 

■rr 

TT 

■o- 

TT 

■o- 

■O- 

■O' 

■o- 

TT 

rr 

■O- 

•O' 

■O' 

■O' 

■O' 

TT 

•O' 

O' 

O' 

'O' 

in 

in 

in 

LO 

in 

in 

in 

co 

X 

CN 

CN 

CN 

CN 

CM 

CN 

CM 

CN 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CM 

CM 

CM 

CM 

CN 

CM 

CN 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CN 

CN 

CN 

CM 

CN 

CM 

CN 

CM 

CN 

CM 

CN 

CM 

CM 

CN 

CN 

STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


179 


cnniDOOOt'- 

n  o  in  *■  o  o  ic 

O'tounoON 


CM  0) 

O  in 


CD 

in 

CM 


D-  CD 

—  O  in 
r-  cm  co 


cocm  —  r-inr~OininOeo 

incocMCMinrDCDcDD'iniD 

OCDCMOinr'inaiTiooin 


OOOOOao 
OOOOO-- 
O  O  O  O  O  in  o 


O  CM  CM  o  —  CM 
co  cd  co  mt  cd  in 
O  CD  u>  co  in  r~ 


O  cd  O  O  r-~  — 
co  0)  O  rr  O  O  in 
in  o  o  o  O  co  co 


in  —  cm  —  o  in  cd 
t"  co  co  co  O)  ■fl-  co 

iiii 


id  in  in 
co  co  co 


CM  —  —  CO  CM 

co  co  co  co  co 

i 


CM  ID  CO  CO 

co  co  co  co  co 

I  I  I 


CD  ID  in  D-  o 
CO  CO  CD  CO  0) 

I 


OOOiniD 
O)  O)  CD  ■'5-  CO 


id  id  in  in  t» 
co  co  co  co  co 


t-  co  co  co 
co  co  co  co 


O  (D  O  00 
CD  CO  CD  CO 


eo 

CO 


n 

in 

cn  in 

in  cd 

r- 

in 

<7 

CO 

CD 

ID 

O' 

CO 

in  TT  CD 

CN 

CD 

ID 

CD 

O  in  o  in  o 

CD 

ID 

<3- 

CN 

00 

CP 

CO 

O  ID 

CN  CN 

c 

CM  CO 

0)  CD 

o 

CD 

CN 

CN 

co 

IP  CO  CP 

CD 

CN 

CN 

CD 

co  oo  a)  co  in 

in 

ID 

CN 

CO 

CN 

CO 

0) 

CD 

IP  CD 

co  O 

CN 

o 

CO  (D 

—  O  in 

CO 

CN 

9r“ 

CO 

V 

CN 

CD  CO  CM 

CD 

r-* 

<P 

CO 

in  CD  —  O  ID 

in 

CO 

CO 

CN 

o 

h* 

cd  r~ 

IP  *7 

— 

o  o 

0 

0 

1 

- 

- 

- 

- 

- 

- 

- 

- 

O  O  CM 

- 

- 

- 

- 

OOOOO- 

■p- 

-r- 

— 

T- 

-r- 

CN 

CN 

— 

o  o 

O  CM 

CN 

f"  O  CO  CM  CM  CD 

—  —  O  id  <D  n 

CO  O  CD  —  O  CD 


D-in- cDcnr^ino) 

■^•iniD'^-n'jincD 

cmcm  —  CD^cor-in 


CD  —  CO  0)  'T  —  O 

c~  cd  in  cm  in  f-  co 

f-  CD  CD  CM  CD  ID  in 


—  CD  CO  (D  V  CN 
CD  in  cd  n-  co  m 
0)  co  r~  in  cd  —  o 


CMCDr'CDCDCD'-n- 

OO’-CNCDiniDin 

■^■CDCM'-OCDOCM 


CD  CD  CM  CN  cm 
CO  O  CD  (D  I"  —  CD 
CD  C"  00  C-  ID  CD  o 


oo-ooo----oooooooocm  —  -  -ooooooo-----o-cm--ooocmcm 


CM  O)  CM  CM  CM  —  in 

CM  CD  in  CD  CO  —  ■<?  CD 

cooocDCDinOn-'-co 


CMCMCMCMOO^’ICD 


O't  —  0)r-05O  — 
CDCDCDCDOC-'-CM 
incDCDiDr-OOO) 


CDCDCDCDCDCDCDCM 


inf~r~ineocD^coiD 

CNCDD  —  CDCD-  CMTT 
IDD'O)  —  OOt^CNDt'- 


cMiDinin^-CDCDCM'- 


■fl-CM  CM  (D  O  CD  C*  (J) 

coco  o  cm  in  n  o  o 

'-inOr-'T'-oiDiD 


’-OO'T'T'q-CDCDCD 


cMOCDCDiDTrr^iDin 
cntn  —  co  —  cncn  —  co 
'fcoOcMconO’-cM 


CDCDlDinCMCMCMC'CD 


OOOO  OOOOOOOOOO 

OOOO  OOOOOOOOOO 

IDCDCMCMOOCMCMCMCMCDD'D’-nn 


o  o  o  o  o 

ooooo_  _  _ 

—  —  —  —  CMCMCM-  O 


o  o 

o  o  o  o  o  o  c 

3000  C 

:>  o  o 

o  o 

o  o  o  o  o  o  c 

5  o  o  o  c 

>  o  o 

OOOOCMCMCMCMCM'-'-'-’-'-O’-O'-'- 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I  I  I  I  I  I  IIII  I  I  I  I  I  I  III 


CN 

O’ 

o* 

CN 

CN 

o- 

o 

CO 

ID 

CD 

CN 

CP 

CD 

CD 

CD 

in 

CO 

CD 

oo 

o 

CO 

CD 

CN 

o 

CO 

CD 

CD 

CN 

in 

CO 

CO 

r- 

CD 

CD 

CO 

O' 

co 

ID 

CD 

CN 

o 

CD 

o 

CN 

in 

O' 

CD 

o 

CO 

CD 

CD 

CO 

O  OJ 

n 

CN 

CD 

CD 

0) 

CO 

in 

co  O 

CN 

<3- 

CO 

CN 

CO 

CD 

ID 

ID 

CO 

in  o  t 

co 

in 

CN 

CO 

CD 

r* 

o 

0) 

CD 

CD 

h* 

CD 

oc 

r- 

CN 

CO 

in  o  id 

CD 

CD 

ID 

CO 

o 

CN 

CO 

CO 

o 

•r- 

CN 

CN 

CN 

CN 

CN 

o  o  v 

CD 

CO 

CO 

CO 

CO 

co 

CO 

CN 

CN 

CN 

ID 

in 

in 

co 

CO 

CN 

- 

O  O  <3- 

CO 

CO 

CO 

CO 

CD 

CD 

in 

CN 

CN 

CN 

o- 

ID 

in 

CO 

CM 

CN 

CN 

m 

CO 

CD 

0) 

m 

in 

co 

o 

CD 

<*-» 

O  co 

—  Ocor-in^coiD 
iDc~r^cocDOincD 
CNCM'-CDC'CDP'lD 


"S’  CD  ‘'T  —  f-  CO  CM 

—  CD  ID  CD  in  CO  CD 

CD  CD  CD  CM  CD  (D  in 


ID  O  CD  (D  MT  CM 
O  <D  ID  C-  CO  CD 

O  co  t-  in  cd  —  o 


'T  CM  —  o  CO  t"  LO 
—  CM  CD  DT  in  (D 
^  CD  CM  —  O  CD  O 


(DinOlCCOCMD-CD 
incO  —  CDIDC--  CD 
CMCDt^COr-CDCDO 


00-000 


OOOOOOOOCM 


O  O  O  O  O  O 


O  —  CM  —  —  OOOCMCM 


oooooooooooooooooo  ooooooooooooooooo  ooooo  o 
OOOOOOOOOOOOOOOOOO  ooooooooooooooooo  ooooo  o 
oooooooooooooooooooooooooooooooooooooooooooo 


>  m 

o 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

o 

in 

o 

in 

o  o 

o 

o 

m 

o 

o 

o 

o 

o  o 

o 

o  d  o 

o 

o 

o 

o  o 

o 

o 

o 

in 

o  o 

>  in 

CD 

ip 

o 

CO 

CD 

o 

CN 

CO 

in 

in 

ID 

(D 

CO 

CD 

in 

CO 

•O’ 

O'  O 

CO 

cd  o  - 

CN 

CO 

CO 

ID 

ID 

CO 

CD 

CO 

CN 

CO 

CN 

CN 

CN  CO 

*r- 

o 

n 

n 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

n 

n 

n 

o 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

6 

6 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

n 

r>  o  n  n  n  in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

IP 

rr 

OOOOOOOOOOOtn 

in 

in 

in 

in 

in 

in 

O  O  O  o  o  in 

o  o 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

<p 

CD 

CD 

ID 

(P 

CD 

CP 

CP 

CP 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

O' 

O' 

CD  CD 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

STRESS  DATA  :  CONFIGURATION  2  cont. 

XCOORD  YCOORD  5IGX  S1GY  SIGXY  SIG1  SIG3  TAU  THETA 


180 


CO 

CO 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

CN 

n 

o 

o 

o 

o 

o 

o 

n 

O 

o 

o 

o 

CN 

O) 

o 

o 

o 

o 

o 

O 

r- 

O 

o 

o 

o 

CO 

CO 

h- 

o 

o 

o 

o 

o 

in 

co 

o 

o 

o 

o 

CO 

CO 

co 

05 

05 

05 

05 

05 

TT 

co 

05 

05 

05 

0) 

IP 

CO 

o 

CD 

o 

in 

O  in 

r- 

CO 

in  o 

0) 

<r" 

a> 

o 

CO 

CO 

O)  0) 

in 

TT 

CO  0) 

CO 

IP 

n 

r- 

in 

n 

O  CM 

in  n 

- 

o 

0 

O  CM 

T- 

*- 

o  o 

o 

o 

ip 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

05 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

co 

o 

o 

o 

o 

o 

in 

o 

in 

o 

o 

o 

05 

■>» 

CO 

o> 

05 

05 

05 

O) 

T 

05 

■>T 

05 

o> 

05 

05 

o 

co 

o 

in 

in 

o 

n 

■*” 

in 

05 

05 

0) 

CO 

CN 

h* 

IP 

T— 

in 

05 

n 

o 

o 

CN 

ip 

CN 

CN 

- 

o 

o 

o 

o 

o 

o 

CN 

CN 

T- 

OinOOOOOtnOOOOOin 

oi'jaiffirooiai'jmmoioiair} 


h- 

o 

CO 

r- 

o 

CO 

LO 

CO 

CN 

in 

CO 

CN 

in 

in 

o 

h* 

CN 

co 

in 

o 

r- 

CN 

o 

o 

CN 

CN 

M- 

*- 

o 

o 

CN 

CN 

M- 

o 

o 

CNconcNoo<D^rsi  o  n  in  it 

iDco--vipr'C005  cm  r~  cm  r»  co 

n'^rrMOr'inro’-O'^iD’-inro 

’•'■-'■OOOOOIN'-^OO 


CM  IP  05  •—  05  ■'T  CM  CM  CM  TT  in 

05  C-  CM  CD  05  CO  05  05  mj  O)  tt 

^OT5'05CT505C,5'”O'-Ot^’-lC 


OOCM  —  '-OOOOOOC'ICM  — 


0-  co  CMMfint^co  cm  tj-  in  C'  co 

05  T  TT05'T05'3-  m?  05  05 

OtnON  -  DOinON’-itOoo 
'-00CMCM>->-00(MCM'-»-00 


in'T^r05CDiri'jcM  o  co  <p 
iniMOincMtfiBco  cnr^O'S'ixi 
mr-~05CMO’5i--  —  moiDO'?!-'- 


m>jnncM^-oOitMno-’- 


CM  O  CO  IP  CM  CM  O  CO  IP 

co  •'■incocMicoo  co  ’-cm 

inot-'-'C’CO'-inOinocoiPO) 


OOMt^f  N'-OOOOffllC'f 


^  CM  O  CO  (P  rr  CM  o  CO  CD  'C  CM 

CM  ID  —  CO  CM  IP  —  TT  CO  CN  IP 

niPOnipcnmiDOoipcnroipo 

CT5^OC0lDnr5’-Oc0CD^r5'-O 


o  o  o  o  o 

o  o  o  o  o 

- - OOOOOO'-OOOOOO—OOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooodooooodoooodo 

i  i  i  i  iii  i  ii  i  i  i  i  i  i  i  i  i 


CM^O05C0lD'<TCM  CM  O  CO  It  ^  CM  CM  O  CO  IP  ^  CM  CM  O  00  (P  "S'  CM  O  CO  (P  ^  CM  O  CO  IP  MT  CM 

incMOiincMMjioco  m  r~  o  ip  co  in  co  cm  ip  co  co  '-ttcdcncd  cd  cm  ip  co  cm  ip 

inc'0)CMt,5C''-inOcoO'^r^'-inor^'-''>Tco'-ir50iP)Ocoii>o)c,5irOc,5cD05r5ipoc,3ipo5cocDO 


in,<TO)r5CM'>-'-ooiDiDr,)'-’-oOr'iD,TCM'^ooooeoif)^c,0'-oeoc£)'5-er)'“Ococe'tc,3'-o 


in’-r^cMcocP'^rcM 

IPO)’-'J(PNOO) 

n-MTCMOt^inco-^ 


- -  - —  oooo 


CM  05  in  CD  MT  CM  CO 

CM  t~-  CM  C~  CO  05  O' 

O'-in-inn  — 


OCM-’-OOOOM 


05  —  C5  T  CN  CM  CM 

CM  CO  n  CO  05  05 

Oicooico-^-O^Or^ 


’•’■OOOOOOcm 


tj-  in  co  cm  in 

05  "<T  05  T  ’’O-  05  "3- 

’-iPOinOt"-iP 


CM  '-  •>■  o  O  CM  CM 


n-  co  cm  m  co 

05  'T  TJ  O)  rr  05  ■"T 

Oinoc-'-iPOino 

'-OOCMCM'-’-OO 


oooooooooooooooo  oooooooo  ooooo  ooooo  ooooo 

oooooooooooooooo  oooooooo  ooooo  ooooo  ooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

C005CMLOCO--  ,3t^Of'505in'-^rr--O  iccMco^r'-Or-'O  ip  cm  co  <?  O  cocmcO’jO  ip  cm  co  3-  O 

—  CM  CM  CM  CO  --  CM  CM  CM  n  —  CM  CN  05  CN  05  CN  CO  CN  05  •»“  *-  ON  CO 


0000000000000000000000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

050)0505CT)05  05Cr5a5CMCMrMCMCMCMCMininininintnincocD'-'-'-'-'-'-r^C'h-r^r^p'rococoror5co 
CMCMCMCMCMCMCMCMCMCOcorocororococorocococococococo'j-’a-'iTTj-'rj-Tj-Tr^TMjTiTTninininininin 


CONFIGURATION  3 


STRESS  DATA  :  CONFIGURATION  3 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


182 


O  O  r-~  in  in  in 
O  O  CO  Mfi 
oocviom- 


O  I"  - 
Oinn 
O  co  in 


t"  --  00 
'-OCT) 
O  --  O 


t-  i*-  re 
cm  O 
O  O  r- 


r-  cn  O  — 
co  co  cm  to 
DOOM 


CNCDCDCDinOCOCOCCTCNr- 

OCTMJi-OOlltPiOO- 

'-OOOcO'TiD'^iD'-r' 


O  O  h-  CN 
O  TT  CN 

O  co  in  cn 


in  cn  cn  in 
O  id  cn  in 
cn  ct)  'T 


O  O  r-  O  O 

O  O  cn  ct>  O 

O  O  co  tt  O 


O  O  co 

CD  CT)  CO 


o-  in  cn 
cc  co  (D 


O  co  oo 
CT)  oc  co 


co  r~  rj 
co  oo  co 


CN  CT)  co 
O'  co  co 


00 

00 


03 

oo 


in  ■■g- 
co  co 


CN  <3- 

oo  oo 


0) 

ID 


co  r- 
oo  co  co 


oo  co  in  cn 
co  oo  oo  co 


ID  O  f*  ID 
CD  CD  00  CD 


n-  CD  cn  cn 
co  co  co  co 


cn  o  O  oo 
CD  CT)  CD  00 


O' 

CO 


o 

CT) 


*7 

n 

CO 

«*- 

in 

O 

O) 

<£> 

oo 

CN 

h* 

ID 

CD 

o 

ID 

CT) 

CO 

ID 

CO 

CN 

<£> 

CN 

cd 

CO 

ID 

O) 

O) 

cd 

CO 

CN 

CN 

nr* 

■r- 

o 

z 

0 

CN 

*- 

O  o  O  CN 

CT) 

cd 

in 

O 

in 

ID 

0) 

CT) 

f- 

cn 

ID 

CD 

CT) 

ID 

CN 

O) 

CD 

O 

CD 

CO 

(X> 

CD 

CO 

o 

CN 

CD 

CN 

CN 

o 

CN 

CO 

ID 

CN 

o 

re 

CN 

r- 

CN 

— 

- 

n- 

o 

o 

o 

CN 

CN 

CN 

CN 

■r- 

- 

6 

in 

T- 

CO 

ID 

<X> 

O 

o 

CO 

CN 

ID 

r- 

CN 

CD 

LD 

CO 

LD 

ID 

ID 

00 

CD 

LD 

ID 

re 

CO 

CN 

ID 

o 

in 

CT) 

ID 

CN 

ID 

z 

0 

2 

2 

z 

■r- 

Z 

0 

0 

0 

2  . 

2  . 

2  . 

CN 

cNTCNcn'-CT)CNCDD'00C0CD^TOcNCN00'-cnOcDCT)inOinc0CN'-O^C0'-0)Oe0CN00OC'inTTinD' 
'3-CT)'3-CT)'Ccn'3-cD'-cD'-cn'-'5rCT)'ccDcoOcNCn  —  cncDcO'-rrcocNCN'fl-inin'-inocncn'fiDD'CD'j 
cocNCDcO'-OD'inOcNincNOcocNCDCNcoincN'-oo)iDcnOinoocNOiDt~iDO*-CDOOcD'TincncD 


CNCN  —  OOOCNCNCN'-OOOCNCN'-'- 

I  I 


OOOOOCNCNCNCN'-OOOCNCNCNCN'-OOOCNCNCNCNCN 

I  I 


O  CO  CT) 


—  M- 

nr  f" 


CO  CN  CD 
0)  cn  in 


O 

— 

O  re 

co 

CN 

O  CT) 

CO 

O  cn 

O 

Nr— 

CT) 

CT) 

CT)  O  O  nr 

CN 

O  r~ 

CO 

CD 

o 

CD 

CT) 

r- 

ID 

CO 

CN 

ID 

0) 

ID 

co 

ID 

D* 

CT) 

CD 

ID 

r- 

00 

CT) 

CN 

CN 

ID 

CN 

CN 

ID 

r— 

CD 

CN 

ID 

O  in  cn 

in 

CT) 

ID 

CO 

O  CN 

CD 

ID 

ID 

CO 

LD 

re 

CT) 

o 

ID 

r— 

O  ID 

CN 

ID 

CO 

CD 

ID 

in  cn  O 

O  00 

in 

CN 

o 

O 

CO 

ID 

ID 

CD 

CN 

- 

o 

o 

co 

r- 

ID 

ID 

ID 

CD 

n- 

o 

re 

oo 

ID 

CN 

o 

O  re 

7. 
6  . 
8  . 

00  CD  '3- 


OOOO  OOOOOOOOOOOOOOOOOOC)  _ 

oooo  o o o o o o o o o o o o o o o o o o o 6 O o o  _ _ 

O'-'-'-CNO'-'-'-’-'-'-'-'-'-'-CNCNCN'-'-CNCNCN'-'-CNCN'-OCNCn 


88QQ 


oooooo 


oooo  88 

cncncn'-'-OO'-cnO 


ooooooooooooooooooooooooooooooooooooooooooo 

I  III 


OocB'ccNOOCTiMnn'- 
'-TcocNiDO'-t''  —  inCTitn 
'3-r~-CT)tnin'-'n-inCT)’-'5'D'0 


OeocDin'tcncN  — 
'-'3coincNCT)tDcn 
CDCOOCNCn'3-CDOO 


O  CT)  CO  O'  CD  ^  CN  «3- 

'-n-'S-'-cooNCD  cn 

Or~c0CT)O'*,<TCDO'- 


coiD'^cn'-OcoD'in^-cNOOooiDin'q-cncN’-OOcor'CDCDincn'-Oooco 


CN 

LD 

CD 

r- 

CD 

0) 

CT) 

00 

ID 

o 

ID 

C 7) 

CD 

CN 

ID 

CT) 

CN 

o 

ID 

CN 

*3 

re  o 

ID 

CT) 

o 

re 

7. 

G 

4 

2 

0 

0. 

8 

7. 

7  . 

6 

00 

CN'CTinr'COOtNooO'-cniD 

*3-CT)'3-CT)’3-0^'CDCNI^CNCN 

cocNiDcO'-r^r^inOcNincN 


OcN’3-in'-r^cnc0iDOCN00'3-OinD'00O00CDD'O'-cncDOr-iniD^r^ 

0"5-CT)*3-n'CT)CN'>TCN0'^tDCT)CN'3-CT)n0'^ini^CND'CNCN0,3'CDf^CT)'T 

t^eocNCDCNcoincN'-incDCDcnOinoocN'jiDf^cDO'-CDOcniD'JincncD 


CN  CN 


OOOCNCNCN'-OOO 
I  I  I 


CN 


CN'-'-OOOOOCNCNCN 

I  I 


CN 


OOOCNCNCNCN'—  OOOcncncncncn 

I  I  I 


OOOOO  OOOOOO  OOOOOOOO  OOOOOOO  OOOOOOO  OOO 

OOOOO  OOOOOO  OOOOOOOO  OOOOOOO  OOOOOOO  OOO 

ooooooooooooooooooooooooooooooooooooooooooo 


OOOOOOO 

ID  CN  CO  *3-  O 

—  —  cn  cn 


oooooooooooooooooooooooooooooooooooo 

cncnin'-r-O  iDCNinre  —  "3-r-O  cn  id  ct>  cn  re  nr  O  cn  n  o>  in  ^  d  O  cn's-cd 

CN  CN  CO  CN  CN  CN  CO  '-'-CNCn  T-  CN  CN  cn 


ooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooooooooooo 

cncncncncncncncDCDiDiDCDiDCDiDiDCT)0)CT)CT)0)CT>0)CT)'-'-*-cNCNcNCNrNcncncncn 


150 


STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


183 


co 

eo 

co 

i 


O  CM  tj- 
©  rr 

O  n  o  ^ 


in  r-  in  'j- 
-iDOn 

n  o  -  in 


O  o  v  in 
O  o  —  co 
10  in  ct)  r~ 


O  O  O  cm  cm  <5- 
o)  o  o  in  o  n 
in  o  cm  c~  in  cm 


O  os  f'-  in  t  cd  *- 
O)  co  co  co  co  co  co 


—  cn  r~ 
eo  co  in 


co  co 
co  co 

i  i 


co  o  in 
co  cn  co 

i 


n  —  in 
co  co  oo 

i 


CO 

05 

CO 

r- 

co 

in 

05 

CO 

O 

ID 

^3 

0 

— 

CO 

■<3 

in 

co 

0 

in 

■*” 

0 

0 

05 

CO 

r- 

CN 

CN 

O 

in 

in 

CN 

co 

0 

0 

*r- 

*3 

0 

*3 

05 

0 

in 

0) 

*3 

m 

CN 

00 

*3 

CN 

in 

0 

co 

CN 

CO 

co 

0 

co 

ID 

0 

co 

ID 

CN 

CN 

T- 

0 

CN 

CO 

d 

«- 

in 

0 

in 

co 

r- 

CN 

in 

CO 

0 

cn 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

<3 

CD 

co 

co 

in 

CO 

CO 

co 

05 

r- 

ii  iii 


— 

in 

CO 

co 

*3 

CN 

O  CN 

«*- 

«r- 

CO 

O 

CN 

05 

co 

CO 

CN 

CN 

^3 

05 

CO 

05 

CN 

CO 

in 

CO 

CD 

CN 

CO  f* 

CO 

CO 

in 

in 

O  eo 

in 

CD 

in 

CD 

CN 

in 

CD 

CO 

05 

^3 

CO 

CD 

CO 

CO 

in 

•*- 

in 

•*— 

0 

in 

^3 

in 

in 

CO 

05 

in 

in 

in 

in 

05 

<3  CD 

CO 

O  CM 

O  05 

0 

^3 

cn 

CN 

CO 

in 

CN 

CD 

CD 

CO 

in 

CO 

O  CN 

CN 

CO 

O  co 

in 

in 

CN 

in 

in 

<3 

co 

CN 

GO 

in 

CD  O  O 

05 

in 

CN 

to  in 

0 

CN 

CN 

CN 

CN 

- 

*- 

0 

0 

0 

0 

2 

CN 

CN 

CN 

CN 

CN 

CN 

■r- 

CN 

CN 

CN 

CN 

- 

- 

- 

*r» 

- 

0. 

0. 

0. 

0. 

2 . 

3. 

CN 

CN 

CN 

CN 

CN  CN 

CN 

-  —  0--  —  OiDm  —  — 
t^coro  —  cNTioc-  —  in  ■<? 
nmnO'f-itinnOO 


wimnw>->-00000 


,<J-Oin05Or>r-'  —  ’-oil- 
■'tr-05OOc~,'tc0TrO  — 
inn'-OffiinnOMnT 


CNCNCNCN*- 


•q-oicNf'CMinop'Cnnai 
o>05CMinioininino5-'-in 
iv  t  O’- Offiin  t  ^ 


’''-'-■’-'-’-'-OOOO 


'incoooinffioo) 

CTiincoiO'-ioioin'- 

0coincop~^'>-050''- 


00000---0-- 


cn  n  in  to  O  in  ^ 

05  ■'*  ^  CN  —  CO  10 

*-  O  05  co  cn  *-  ro 


t-  io  10  in  mt  co 


O  Ol  -  o  O) 

^  05  'T  ■'T  CM  05  in 

in  io  oo  cm  05  o  cm 


cm  ■>-  O  O  r~  r-  <0 

I 


f»  m  n  *3  in  r~ 
00  ro  05  in  o  <0  — 
rr  ’3-  *-  »3-  t"  05  in 


10  to  10  in  m  in  10 


in  05  io  in  ^  00  io 

05  CO  --  CM  CM  <T  f- 

c-  io  co  in  *-  co 


in  in  <}  ^  n 


t  r-  in  co 
O  10  •*-  05  *3-  cm  r- 
(OcMnincoOOr^ 


nncvoomin 


n  o)  05  05  o  in  o 
in  oi  -  -  Mn  n 
co  r-  00  10  ■>-  ■<- 


io  in  in  10  10  10  in 


O  OOOOOOOOO 

O  OOOOOOOOO 

"-O'—  CMCOCDCOCDCM  —  «- 


00000000000 

I  I 


000  000000 

000  000000 

’-’-’-oninmnncM 


©OOOOOOOOO 

III  II 


000000000000 

000000000000 

aiocoin'^-^MT'q-cocMCM'- 


OOOOOOOOOOOO 


OOOOOOO  © 

OOOOOOO  O 

Ot'-inr-coiOD'-O''- 


OOOO’-OOOO- 
11  111 


CO 

CO 

in 

in 

^3 

CO 

CN 

«r- 

05 

00 

1-  0 

CO 

05 

T3 

05 

CO 

T- 

T3 

h-  O  CD 

in 

05 

^3 

CO 

CN 

in 

CO 

O  0  in 

CN 

co 

in 

*3 

CD 

in 

CN 

05 

in 

CO 

T— 

CD 

in 

co 

*3 

in 

r- 

■<3 

CD 

r- 

O  CN 

^3 

f- 

0) 

cn 

CN 

05 

in 

co 

0 

CO 

•^T  CD 

O  ID 

co 

O 

0 

05 

co 

CD 

in 

CO 

O  05 

O  CM 

CO 

in 

05 

in 

in 

in 

CD 

in 

^3 

O  co 

in 

CN 

CO 

m 

CO 

O  05 

r- 

O  O' 

in 

eo 

f"* 

in 

m 

in 

CO 

CN 

— 

L 

0 
■  0 

10 

m 

in 

in 

in 

in 

in 

in 

in 

in 

*3 

**3 

CO 

CO 

CO 

CN 

- 

0 

0 

4 

m 

m 

in  in 

in 

in 

in 

^3 

C5--cMOin»-r'-c5e0'<rO 

I^C005CM'»Tf'05CM'>3f~O 

ncMnO'J'ttunnOm 


CMMCMM’-’-OOOOO 


ICCMCOOOCOC'lCCMC' 

■^•C-OOCMCMCOOlD'- 

l£>(75'-OCJ5lI>'^'’_C'in 


CMCMCMCM’-'-'“CM'^'>- 


■<3  cm  —  ococ'in^f'CDco^- 

c-coCTiOO'-cMCOOCMTir- 

inn'iin'icMCM'-oiN^’- 


mco^'cococM^'Oco 

^C5t^cM05coc~in^f 

OOinrotn^^fflO^ 


o-oo--^o-^ 


OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 


o  o 
o  o 
000 


00000000000000 

00000000000000 

00000000000000 


000000000000000 

000000000000000 

OOOOOOOOOOOOinOin 


o 

o 

in 


00000000000000 

C)'<Tl£>05CMincO  —  "3  r-~  O  CD  10 

cm  cm  cm  n 


OOOOOOOin 

comO’-c-cocDa) 


in  in 
O  - 


in  in  in  in  in  o 
cm  co  •<t  in  in  co 


OOO 

^  N 
CM  CM  CM 


o 

o 

CD 


in 

co 


O  in  O  r~ 
05  05  O  co 


O  cm  in  t" 
05  05  05  05 


nnoooOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

Ooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOinininintn 

nddodoodoOOOOOOOOOOOOOOOOOOOOOOOOOininininr-r-r-t^f-- 

ininioinintninininininc~r-r~i-'f-r'-r^cDCDixicococococo®cocococococococococococDcococoa5 


STRESS  DATA  :  CONFIGURATION  3  comt. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  S1G1  SIG3  TAU  THETA 


184 


CN 

n 

o 

in 

CN 

o 

o 

CN 

CT) 

o 

o 

CO 

^7 

CO 

IX> 

o 

o 

*7 

00 

r^* 

in 

0) 

^7 

o 

o 

CO 

CO 

CO 

CN 

r- 

in 

in 

in 

■c 

CO 

CD 

CO 

CO 

CO 

CO 

■<7 

"7- 

co 

i  i  i  i  i  i  i 


tM'-W'jnco'jonin'- 

CDCT)C0lD'«?lDO'?-'~CNCT) 


ifirO'-cNCN'-cnocNcn'q- 

inr-~cocceDcor~cDcocDcc 


'JOdOO'-'inoOtD 

CNOcDiniocop'^ooin 

’-OM’-W’-mnoOcd 

Oinnt'-ai'-mminiD'- 

oo^rcocoh-oo(DoO'r'?eo 

i  i  i 


inoiOtDOffl-wfflOir 

'-CNOoiOr~r^«NOr~tD 

tnt^O'TOeot^fnaif^’- 

inwomocoiniT'iuin 

locoor-otocor-ior^co 

ii  i  i  i  i  i  i 


CD 

If) 

CN 


O  *-  *-  CN 

"-tOncc 

CN  CD  CN 


in  in  in 
oo  co  in 
r~  O  O  a)  co 


cn  ti  m  rr 

CD  CN  CD  CT) 

*-  rr  in  in  cd 


cn  o  in  a)  to 
■^r  cn  o  in  to 


n 

10 

o 

CO 

o 

n 

0) 

in 

co 

<S> 

CN 

n 

o 

o 

CN 

CN 

CO 

o 

10 

CT) 

CT) 

CD 

co 

in 

CT) 

in 

•r- 

in 

CN 

<7 

n 

^7 

CT) 

O 

CN 

o 

in 

CT) 

*7 

CO 

o 

o 

o 

10 

*7 

CO 

in 

in 

o 

n 

O 

■»- 

— 

o 

o 

o 

o 

o 

o 

T- 

o 

T- 

CN 

CN 

CN 

CN 

-- 

T- 

-  -  -  O  O 


o  in  —  »-  to  in  cn 

'i  id  co  O)  t-  co  in  *-  r>- 

inCD-^OCDCDOlOOCNlO 


O"s-coincocof^in0)CT)r^ 
—  nninincMiDinronin 
in(0'JCDCN--OCT)lD'’yCN 


CD  o  id  eo  CD  — 

CD  CN  ID  CO  10  CD  h- 

OcnOiDf'-’-'WGO'- 


cN'-i^fDin’-cNa)incoO 

t'-TfCD’-CDCNCOCnr-'CDCN 

incNco-'-ocr>or'---''3'  — 


CNCNCNCN---00-0----<---00000’------00-OCN-'--0-:00-CN 


oooi^cDcoinin  iocd 

t-coiococd^cn  coco 

r^r^iD<Dcnr~inoO''~co 


MOincf<j(DinoO(DCM 


CD'-CTlCDCNCDlOlOn“*-CO 

n-co0)CNin*-OiO-^r~'^- 

t^'Tin^Ocoin'-Trineo 


CD^Tr^TfCDCDCDCN^O 


C  CO  CO  CD  CD  (O 

O  CD  0)  T  (O  in  CD 

ooiom"--oo(d 


OCDCDCNCDCNCDOOCD 


OOCDicoMNOai'-in 

GCDlOCNincNCNCNCDCDO 

coioiocooOincoO^in 

■^TT^'ffioipifi^fCD'cir) 


ooooooo  ooooooooooooo  oooooo  ooo  o  oooooo 

ooooooo  ooooooooooooo  oooooo  ooo  o  oooooo 

'-’-cMC'iiDincDOOcMieiP':D-^^in’cnoi’-'^ocD’-c\nvoi00cDinn0ciO,_’C'O'-ii)'c 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I  I  I  I  I  I  I  II  I  I  I  I  I 


o  -  - 

I  I  I 


o  o 

I  I 


10 

in 

co 

*7 

o 

in 

«r- 

^7 

O  CD 

(O 

CT) 

7 

co 

CN 

<7 

0) 

CN 

CN 

CT) 

7 

o 

CN 

co 

CO 

0) 

in 

CN 

CO 

*7 

o 

CO 

in 

O  co 

o 

10 

co 

C  CN 

*7 

O 

co 

CN 

CT) 

10 

CD 

id 

CN 

co 

O  ID 

CN 

0) 

(O 

CT) 

10 

CT) 

in 

CN 

CT) 

in 

CN 

O) 

in 

r- 

ID 

10 

n 

<0 

in  O  O 

CO 

CO 

*7 

in 

co 

CT) 

r- 

7 

CO 

in 

CO  O 

CO 

O  1- 

r- 

CT) 

O  O  CN 

10 

in 

ID 

in  o 

o 

7 

m 

in 

0) 

"7 

10 

in 

■<7 

^7 

n 

m  o  O  cd 

*- 

n 

*7 

<7 

7 

co 

co 

ro 

CO 

CN 

— 

0 

0 

3 

CO 

CN 

co 

T- 

CD  O  O  CD 

»- 

7 

•<7 

7 

CO 

10 

10 

7 

CN 

CO 

in 

cO'-t-'iD's-cN'-  tom 

'JMJO^UCD  CD  CN 

inn'-'-ro^aiOOcMCM 


CNCNICNCN'-'-'-OO’-*- 


cN’-Ocot^innf-cnoo'j- 

C0CT)OO-‘CNCDCT)CNTTf'- 

coioin'crcDcN^on-'q-cN 


-  - - -  -  OOOO 


CT)  in  cn  tt  cn  r-  cd 

id  cn  o  io  in  — 

OCDOn-COCDiCOOCN 


CNOO'lOinCDCN'^OOCO 

Oc-nvncM’-oroNio 

cocNcocDOO)'-0<oin^ 


0c\i-^-^--0'“'-0’-cn 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQ 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooinooinoooooooooooooininmooinooinoooinoinoinoino 


0 

0 

o 

o 

O 

in 

r^ 

o 

in 

r- 

o 

in 

in 

m 

in 

in 

in 

in 

o 

O 

o 

o 

O  t- 

CN 

o 

m 

o 

in 

o 

in 

O 

o 

CN 

in 

C** 

o 

CN 

in 

CO 

io 

r- 

CO 

CO 

co 

0) 

CT) 

0) 

o 

O 

•*- 

CN 

co 

7 

in 

iS) 

CO 

T— 

7 

O  CO 

0) 

o 

CD 

CO 

CO 

CT) 

CD 

O) 

o 

O 

00 

0) 

0) 

0) 

0) 

o 

o 

O 

*r— 

CN 

CN 

CN 

CD 

Q 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

O  O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

O  O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

5 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O  in 

in  m 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

m 

in 

o 

o 

OOOOOOOOOOOOOOOOOOOOOcn 

CN  CN 

LO 

in 

in 

in 

in 

in 

in 

in 

in 

CT) 

0) 

0) 

CT) 

0) 

CT) 

CT) 

CT) 

0) 

CT) 

0) 

CT) 

0) 

CT) 

CT) 

CT) 

0) 

CT) 

CT) 

CT) 

CT) 

CT) 

CT)  0) 

CT)  CT) 

CT) 

CT) 

CT) 

CT) 

CT) 

O) 

CT) 

0) 

CT) 

CT) 

0) 

CT) 

CT) 

CT) 

CT) 

0) 

CT) 

STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


185 


O) 

0 

0 

O 

<7 

0 

ro 

ID 

ID 

ro 

05 

co 

to 

r- 

CN 

^3 

CO 

0) 

CO 

CO 

0 

0 

0 

O 

co 

0 

CO 

ID 

ro 

^3 

® 

CD 

CO 

co 

10 

0 

h~ 

CO 

ID 

LD 

1- 

LD 

0 

0 

O 

0 

■*” 

**“ 

0 

CO 

<3 

CO 

® 

0 

CO 

CO 

0) 

® 

05 

ro 

0 

0 

O 

® 

LO 

ID 

ro 

ro 

CN 

ID 

CO 

CD 

co 

0 

Q) 

0 

CN 

CN 

^3 

a> 

0) 

CD 

05 

CO 

CO 

® 

r- 

r- 

CO 

® 

CO 

00 

® 

CO 

r- 

CO 

CO 

CO 

CO 

ro 

i  i  i  i  i  i 


cmO's  —  ro'ct-'Ororoorooro'-rom'-rororo 

®0'^f)'^-U3U30U5®Trai'-'-'3-rotD--(X>tnfn 

*-0CM0roro»-0,T'-rororof^,?mroro0r',T 


ccinin<jcO'’-t'~0!'-c,>*-''-'Tco*T®ir>Off>co"- 

t'-'<jffiroro®roro®®®roro®®®ro®r'-t,"ro 

iii  i  i  i  i  i  i  i  i  i  i  i 


ro 

ro 

r- 

CO 

0) 

ro 

0) 

O  CM 

05 

ro 

CN 

ro 

ro 

CO 

LD 

CO 

CO 

ro  0 

ro 

ro 

<3- 

•<3 

LD 

ro 

ro 

1^ 

ID 

0 

ro 

0 

0 

CO 

O  CN 

CO 

0 

CN 

^3 

ID 

CN 

ro 

ro 

05 

ro 

ro 

ro 

CO 

T- 

^3 

0  - 

ro 

CN 

CO 

CN 

CO 

CN 

ro 

ro 

0 

0 

CO 

CO 

CO 

ro 

O  ro 

ro 

CP 

CP 

^3 

G) 

h* 

CD 

ro 

O  co 

CO 

ID 

CO 

CN 

O  ro 

ID 

CN 

0  ^ 

ro 

CP 

O  ro 

CN 

0 

CN 

0  0 

ro 

ro 

CO 

O  ro 

— 

CN 

CN 

■*- 

— 

- 

CN 

CN 

CN 

CN 

*- 

- 

- 

- 

T- 

*- 

*- 

—  O  O  O  O  CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

tnm  —  i'-cMf-TTro 

^•cf~roromroro 
ro  in  n  —  ai  o  in 


'-CNCNCM'-’-OO 


rororocMcnromcMCN 

cN'3-nromrofocMCM 


00--  —  -  — 


t--  ro  ro  r>  t"  n 

ro  ro  in  ro  ro  in  cm  f- 

CNOOtD'IfMOCPCM 


’-'"’"OOOOO'- 


cM‘<?rororooc~ro 
roOn-'JCMroOro 
CMmCMroroO)  —  O 


---OOO-- 


COCMCN’-COm^CTlfN 

roini"OrororoOT^T 

OCNVN'-OMffllC 


--•'-•'-■'---00 


miDin^-- rocMror- 
n-oincDNirtD'- 


mr^roro's-'s-rororo 


OrocMrot--rocMO 

Oro--mcMromro 

ro-’-’-CMOrororo 


,3-inininin^r'>TC,5 


^  ro  o  ro  --  cm  ro  cm 
ro  r~  in  id  <3- 

iorooromr--0,3''~ 


rororocM'*-oorom 


■<rcMro--iDrof~0 
nr~CMromf~roO 
ro  ro  ro  to  ■3  —  *-  ro 


inTtrororoinrom 


roro—  --rororororo 
'-•>-01  ro  ro  ro  ro  ro 
nMHN>-ffl(DOn 


inroinmm'>3''Trom 


O  O O O O O O O Q O O O O O O O O Q O O  OOO 

O  OOOOOOOOOOOOOOOOOOO  OOO 

NOOOMW^inooiinn'-'-^inin^nnw’-'-Ow’- 


OOOOO’-OO’-OOOOOOOOOOOOOOOOOO 

III  I  I  I  I  I  I  III 


00  0000000000000 

00  0000000000000 

incNO<Nin<x>iP'»''-'?'- rotor'-mr-- 


OOOOOOOOOOOOOOOO 
1  1  1  1  1  1  1  1  1  1  1  1 


CO 

<S> 

in 

”3* 

h* 

CN 

CO 

ro 

CN 

CO 

CO 

r-* 

O  ro 

ro 

ro 

^3 

CO 

CN 

•»» 

ID 

O  CM 

ro 

ro 

CO 

ro 

CN 

CO 

CN 

ro 

ro 

CN 

CO 

•<3 

▼-* 

CN 

•r— 

GO 

LD 

r- 

ro 

CN 

ID 

CN 

00 

CN 

CO 

ID 

CN 

ro 

■*— 

CO 

CN 

ro 

ro 

CO 

CO  0 

CO 

ro 

CO 

^3 

^3 

r- 

CO 

LD 

CN 

ro 

ID 

CN 

ro 

in 

ID 

<3 

CO 

LD 

CN 

*3 

■*3 

CN 

T— 

O  CM 

O  ro 

CN 

ro 

CO 

O  CN 

LD 

O  "C 

ro 

r- 

CO 

ro 

^3 

O  CN 

CN 

LD 

CN 

■*— 

r- 

CO 

ro 

CN 

ID 

c- 

ro 

ID 

<3 

rr 

ro 

ro 

ID 

^3 

ID 

LD 

LD 

LD 

^3 

^3 

CO 

CO 

CO 

CO 

CN 

T- 

0 

0 

5. 

ID 

ID 

*7 

ID 

ID 

ID 

LD 

ID 

LD 

LD 

ID 

ID 

ID 

ID 

<3 

*3 

ro 

t~-m"'-t-~rororooro 

iDiMJiOtsnO® 

roirin’-O'^roiC'^' 

—  CMCMCMCM'~000 


rororo'3'-oroc~ 

Mn^rnrooO’- 

if^inmin'f  nn 


ro  i~-  ro  ro  ^  o  ro 

CM  D  05  CM  ■<?  f~  ro  ~ 

ro-’-Or'-TCMOroro 


■*-'-•'--00000''' 


'rOrorocMOcot- 

ffiorotonuiti 

CMinCMroroO'-'- 


■'-'-'-OO'-’-  — 


ro  >3  ro  --  O  ro  ro  f* 
f~in-'-Orororoin''3 
OcMincM'-'-roOt^- 


O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
inooooooomooinooooooooooooinininoooinooinoooinoinOino 


f-OOOOinOinc~Oin 

O  roror-rorororooo 


r'-Oininininro>inOOOOOf-c-CMOOini‘'-Oinf-Oin 
0*-'-cMro'tinroro'-',3f~OroO'-»rororoOOO'-'- 
'^^-'“^▼-'-^•'-^•CMCMCMro  *-  '-'-*-'-■*- 


O  t--  O  cm  in  r-  O 
cm  ro  o  O  O  O  — 


OOOOOOOOOOOOOOOOOOOO 

00000000000000000000 


CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


OOOOOOOOOOOOOOOOOOOOOO 

OOOO000000000000000000  -  -  _  -  -  .  _  _  -  -  -  -  -  - 

inoooooooooooooooooooooooinininooooooooooinininininm 
r~nr>noooOOOOOOOOOOOOOOOOOcMCMCMininininininininininf't-r^r-t^ 

roooooooooooooooooooooooooooooooooooooooooo 

'-CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


207 


STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  5IGXY  SIG1  SIG3  TAU  THETA 


186 


05 

in 

o 

in 

-- 

in 

0) 

in 

05 

cn 

o 

CD 

CO 

o 

o 

TT 

in 

CO 

CP 

CN 

o 

O) 

in 

CD 

o 

r* 

CO 

CO 

CN 

rr 

in 

CN 

co 

in 

CD 

cn 

O 

CO 

CO 

o 

in 

r-* 

cn 

CO 

in 

o 

O) 

0) 

co 

CN 

co 

in 

CD 

id 

in 

CD 

CO 

o 

co 

id 

rr 

CO 

rr 

0) 

<D 

ID 

cn 

TT 

in 

CD 

cn 

^ . 

co 

CO 

CO 

CD 

® 

co 

CO 

co 

CO 

co 

co 

co 

r*- 

CO 

CO 

CO 

co 

i  i  i  i  i  i  i 


iDOoir^cMinicoaicM  —  —  ou>- ®OOO05  — 
inOiO-ffi  -  Ooo  —  CMiC'fl-  —  f-(NOOOOr- 
r-Of^O^'Tr-O-  ^Or)coincOTroOOo>*T 

(MON’-MiBOinuuD'ruiffl-’-ininirNO 

ecoir-r^r^cccoair-cococDr'icuJoo^T^nooir) 

i  i  i  i  i  i  i  i  i  i 


in 

CO 

o 

in 

o  - 

TT 

in 

in 

CP 

in 

CO 

in 

0)  co 

in  in  o  in  in  o  — 

CD 

CO 

CD 

0) 

CO  CO 

CD 

’T 

^  CN 

CO 

IP 

r- 

cn  in  co 

in 

05 

CN 

in 

05 

CD  CN 

—  05  o  o  O  co 

in 

CD 

o 

cn  in 

CO 

O  in 

CP 

CP 

in 

05  O  > 

in 

co 

CN 

o 

o  o 

o>  in  Mj-  —  cm  co  oo 

CN 

CN 

in 

in 

o  in  u 

CN 

CN 

CN 

CN 

CN 

CN 

- 

- 

- 

-  - 

OOOO--- 

CN 

CN 

CN 

•r- 

— 

-  o  o 

—  oo 
O  - 


in 


10 

0-00000 


cNtotNi^oiocriinio 
OO  —  i-~  O  —  O  O  n 
eooO'tnOMvn 

OO  —  CM  CM  CM  —  —  — 


0500—  CO'TCMCO 

cm  O  —  oor^cNiooo 
nonD^ONO)- 


-oooooo- 


cN<T-iBinMM<tin 
f-  —  N  O  IN  IT  O)  -  CM 
CMCM—  Ot'-'T—  OO 


—  —  —  —  OOO  —  — 


05  05  ■■a-  in  —  cor'-co 
05^rm«acM05  —  O 
r^a>cocoO,?'3-ro 


OOOO———— 


cm  0)  n  co  oo 

—  in  ct>  o  r~  05 

in'jicffiOOOOB 

--00000-0 


—  cm  —  coooor^OincNO 

05'a050f-'ino5cou>coic 

'o-inconcncMOt^ioion- 


ininmNuinMr^'j^'f 


--m^o)lncMCM^ffl^ 
—  OO  —  O  —  toinc^n  — 
t-'Ocnoiiir^’Tn  —  co  — 


MTioinin^focoencocMCN 


CM  O  —  O  ID  —  05  — 

id  co  cm  cm  id  id  —  co  in  o 
cM^TOioincococMCNr- 


—  0'S-cn'<3-ininin'«-'>3- 


mt  ij  m  'j  in  a  too 

-  in  a  mj)  n  co  cm 

conconcooOOOina) 


co  cm  cm  —  CM  O  O  O  CM  — 


OOO 

OOO 

MT  CO  — 


OOO 

I  I 


ooooooooooooooooooo 

ooooooooooooooooooo 

O  —  cNcn-^cncoCT)CT)txicMin  —  inrrcncncMCM  — 


000000000000-0000000 
I  I  I  I  I  I  I 


ooooo  oooooooo  oo 

ooooo  oooooooo  oo 

Oincocon  —  Ococn  —  rMcocnincnoOOCMtc 


OOOOOOOOOOOOOOOOOOOO 

I  I  I  I  I  I  I  I  I  I 


cn 

05 

co 

in 

05 

CO 

CD 

in 

CN 

CO 

O  n 

in 

05 

CN 

in 

in 

CN 

05 

CN 

CO 

co 

T- 

in 

CN 

CO 

05 

in 

in 

(N 

CO 

O  1" 

in 

CD 

CD 

o 

CD 

o 

in 

in 

CO 

O  n 

CO 

in 

CO 

-M— 

co 

CO 

CO 

CD 

05 

in 

CN 

05 

in 

CN 

in 

CO 

CO 

CD 

CN 

05 

in 

in 

in 

m 

0) 

05 

CO 

CN 

in 

CD 

CO 

CO  O  CN 

05 

CD 

CD 

oo 

CD 

CN 

o  in 

CD 

CD 

CN 

in 

CO 

O  O  O  in 

5 

5 

5 

7 

6 

5 

4 

4 

4 

4 

4 

5 

5 

5 

4 

3 

3 

3 

3 

2 

CN 

0 
3  . 

3. 

4 

5 . 

5  . 

5. 

4  . 

4  . 

4 

3. 

2. 

2 

2  . 

z 

0 

Q 

0 

— 

oin^ti^cNcor'-cccnoo 

CO  CM  —  f^OCMCSOCDTCM 
iiBO'cnOMMn'}- 


OO  —  CM  CM  CM  —  —  —  —  — 


oocDinco  —  Ocdc'CCcomt 
—  ocof'-nrr'^inmcNin 

co^rnn'DrorocM  —  oc- 


OOOO  —  —  —  —  —  —  O 


OmnOBMCinn- 
aoaicNOi^cDinnco  — 
•a  —  f-roaiaicocoiMin 


OO  —  —  OOOO  —  — 


O  co  cm  —  O  O)  inn 

CM  CM  CO  r~  ID  "T  o  05 

^ninmcnaiooo  —  — 


—  —  —  —  OOOOO  —  — 


OOO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOO  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

inoinoooooooinooinoooooooooomininomoinooooinoinoinoino 


CM 


in 

0 

0 

o 

o 

in 

o 

in 

r- 

O  in 

r- 

O 

in 

in 

in 

in 

in 

o 

O 

O 

C 

cn  r- 

CN 

in 

O  CN 

o 

o 

o 

in  r- 

O  CN 

in 

r-  O 

CN 

in 

*- 

CD 

in 

r- 

CD 

o 

O 

O 

t—  ▼— 

CN 

CN 

CD 

in 

ip 

CO 

r- 

O  O 

■*“ 

CN  CN 

co 

05 

o 

O  O 

^  CN 

CN 

CN 

V- 

— 

•*- 

CN 

CN 

CN 

— 

o 

o 

o 

o 

o 

O 

o 

r> 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

OOOO 

o 

o  o 

o 

o 

o 

o  o 

o 

Q 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o  o 

o 

o  o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in  in 

in  in 

in 

in  in 

o 

o 

o 

o  o 

ooo 

o 

o 

o 

o 

o 

nnnon^^f^oooooooooooocMCNCM 

CN  CN 

CN 

CN  CN 

in 

in 

in 

in  in 

in 

in 

in 

in 

in 

in 

in 

Q 

n 

n 

w— 

— — 

•»— 

T— 

T— 

*r- 

T- 

▼- 

■*-  *r— 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN  CN 

CN  CN 

CN 

CN  CN 

CN 

CN 

CN 

CN  CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


187 


O  Mn 
cm  in  in 


OOOcnOcnin'rr^ 

n-OOcNOin^cNr) 


05 

ID 

o 

o 

o 

in 

CD 

o 

o 

CN 

in 

o 

o 

05 

o 

o 

05 

CD 

*7 

CO 

05 

o 

co 

CM 

^7 

CD 

CD 

o 

0) 

00 

o 

o 

0) 

o 

to 

o 

05 

CO 

CN 

ID 

•*- 

o 

CN 

o 

o 

CN 

o 

•*- 

CM 

in 

in 

o 

in 

o 

o 

<7 

ID 

05 

o 

o 

CD 

00 

o 

0) 

CD 

CO 

c- 

GO 

o 

in 

o 

o 

o 

05 

in 

CN 

co 

CD 

o 

o 

o 

05 

(D 

in 

in 

— 

— 

in 

o 

ID 

CD 

CN 

<7 

in 

^7 

6 

6 

id 

CO 

ID 

05 

*7 

CD 

05 

^7 

in 

in 

CD 

in 

CD 

^7 

^7 

TJ 

CO 

co 

CD 

CD 

CO 

co 

CO 

CO 

*7 

05 

0) 

CO 

r- 

CO 

co 

CO 

co 

CO 

co 

toOcoifiinintDOcococorr 

lDIDCMC0*T'TCOO5COC0C0C0 


o  *■  co  O 
co  cn  in  in 


v  in  co 
O  r-  03 


O  'T 
r~  O  r~ 


n  co 
O  co 


<7 

ID  CD 

CN 

<7 

ID 

in 

O  in 

ID 

CD 

CN 

— 

ID 

CD 

co 

05 

CO 

05 

05 

^7 

O  co 

o 

o  0) 

05 

in 

CN 

CD 

O  in 

in 

h- 

ID 

r- 

CD 

CD 

0) 

o 

05 

CN  O 

*7 

^7 

o  in  in 

05 

o 

05 

co  in  o  in 

o 

o 

r- 

^7 

^7 

CD 

ID 

CD 

in 

CN 

CD 

o  o  o  o 

- 

o  o  o  o 

— 

CN 

CN 

CM 

*• 

T- 

■r- 

•r- 

CM 

CN 

T- 

o 

OOOOOOOOcn  —  —  —  OOOO 


irn-n-co  o  cn  id  r- 

cn  cn  r-  *-  r-~  in  o  cn  nr 

oininoooiO'inMco 


'-O'tcm  cNr^in’-incoinint^  ■<-■'-  o  co 

'oion-CM  oooor~r--ix>r~rof'  n  in  ^  O  t" 

iDOcO'-oOcocor^cocN'-ooiiiOcnt^n-cnco 


OCDCNtninOc-eoiO'?^' 
COCD’-  —  ID  CO  ID  05  CO 

oiOinnoouoino-n 


''-0'-000'‘Nn’-'-'-0'‘0000’-'-’-’-'-000000000^'r'-'‘000'‘'0 


cn  oi  ■>?  nr  co'»incnOcoo5  —  co  05  05"-inco'-<D,3’i'-  cNco^T’-coinino 

*■  eo  0)  *-  nOOMnconcooo  <Nnro5inooiN'Tcnco  inmicin's-^-co’- 

ioc-(MinOO,fOO,"W!j)ino)'JOOKiuco(j)'-o(roinr'OOcococNnnnin 


inOMninnO't 

rocMO'^C'C'rotc 

—  oococnminino 


cM'--"-cNOO<NCNn-iptn^cM'-cMOOcN'-cNCMCocoeNCN'-o,3-'C-'^in'>s-roro'<T’^co'«finincoco'!- 


O  O  O  O 

O  O  O  O 

in  cn  co  •<-  o 


O  O  O 
O  O  O  “ 


O 

o  .  _ 

o  -  o  -  - 


^  o  o  o  o  o  o 

OOOOO  ooo 

CMComcocooococO'^ 


O  O  O  O  O  O 

OOOOO  O  OOOOOOOOO-,, 
O’-nNN'-OfflOOnMT'jnninoMf'inNO 


oooooooooooo 

000 


ooooooooooooooooooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  III 


to  nr  O 

05  r»  ■7 

co  id  r~ 


CM  tj 

t-  O 
"3-  O 


o  o 

CM'-OCMOOCMCM 


05 

CO 

«*- 

CD 

05 

^7 

o 

CD 

in 

00 

^7 

05 

CO 

co 

•7- 

o 

ID 

05 

•*- 

o 

CD 

ID 

05 

o 

CD 

o 

CD 

ID 

CD 

ID 

05 

in 

CO 

in 

CO 

in 

o 

CN 

o 

c- 

CD 

05 

ID 

CD 

0) 

CN 

ID 

CO 

o 

CN 

•*- 

<7 

ID 

CN 

0) 

CD 

CN 

^7 

o 

o 

r- 

in 

CO 

05 

CN 

05 

in 

f* 

o 

00 

CO 

CO 

CM 

CN 

^7 

t- 

o 

CD 

in 

in 

in 

o 

ID 

in 

^7 

CN 

CN 

o 

o 

CM 

*- 

CN 

CN 

CD 

CD 

CN 

CM 

c»— 

o 

CD 

*7 

in 

CD 

CD 

*7 

*7 

CD 

^7 

in 

m 

CD 

CD 

n- 

'-CM'-O  (OCOCO^OCOCOCM'- 

in  nr  co  cn  r-inocoiniDnroc? 

Tf'C'r-OOOCOr-TTCMCOlfiCN'-'- 


-'-'■'-OOO’-CMCM--'-'-'- 


f-<Dcn-~Ocor-OiD  cm 

nrco'-r--cocoo5(Dco  10 

OOcoo-n-cocM'-OCTiioO'- 


0000-'--'-^000^ 


’-oa)coiorocM‘'-05cocMOco'-'<f 
innrM  —  oir-nrininiDCNOcooico 
t^t-0500',_inco  —  '>-t-~iD',--’-co 


000'-------00-’-0 


OOOOOOOO 

OOOOOOOO 

OinOinomioino 


OOOOOOOO 

OOOOOOOO 

OOOOOIOOO 


ooooooooo 

ooooooooo 

moooooooo 


OOOOOOOO 

OOOOOOOO 

Oinomoinmin 


ooooooooo 

ooooooooo 

ooooooooo 


o 

co 


r-OCNinr"CNf~OOOOinOcNinOcNinOinin 
O’-’-'-’-CMCM  C0IDt'~O'-''_''_CNCNCNC0C0nJ' 


intnooOcNinc-OcNf-cN 

intDCO’-O'-’-'-CMCMCMC') 


OOOOinOinOO 

000)O,-'^CMCt)tTtT 
T»  T-  f-  CN 


r> 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

ooo 

o  o 

o  o  o  o 

o 

o 

o  o  o  o  o  o 

o  o 

o 

o 

o  o  o  o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

ooo 

o 

o 

o  o  o  o 

o 

o 

OOOOO 

o 

o  o 

o 

o 

o  o  o  o 

o 

6 

in 

in 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o  o 

o 

o 

ooo 

o  o 

o  o  o  o 

o 

in 

in 

in 

in 

in 

in 

in 

o  o 

o 

o 

o  o  o  o 

o 

in 

r- 

r- 

o 

ooo 

o  o  o  o 

OOOOO 

O  O  O  O  O  O  OM 

CN 

CM 

CM 

CM 

CM 

CM 

in  in 

in 

LO 

in  in  in  in 

^7 

T- 

CN 

CN 

CM 

CM 

CN 

CN  CM 

CM 

CM 

CN  CN  CM 

CM 

CM 

CM  CN  CM  CN 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM  CN 

CN 

CN 

CN  CM  CM  CM 

CN 

CN 

CN 

CM 

CM 

CN 

CM 

CN 

CM 

CM 

CM 

CN 

CN 

CN 

CN  CM 

CM 

CM 

CM  CN  CM 

CM 

CM 

CM  CN  CM  CN 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CN 

CM  CM 

CM 

CN 

CN  CM  CN  CN 

CM 

STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


188 


o 

CD 

CM 

in 

7 

7 

CO 

LO 

o 

CM 

in 

ID 

LO 

CO 

o 

o 

01 

7 

CO 

r- 

o 

01 

o 

o 

01 

CM 

ID 

CD 

r- 

7 

01 

CO 

CO 

00 

co 

CD 

co 

i  i  i  i 


in 

c- 

co 

o 

t- 

co 

CM 

in 

o 

CO 

c- 

in 

to 

r- 

c- 

in 

co 

7 

01 

7 

CD 

CO 

CO 

in 

0) 

co 

CO 

CO 

CO 

co 

CO 

i  i 


o 

in 

CM 

7 

•*- 

CO 

01 

CD 

CO 

CO 

eo 

CM 

in 

•*7 

O) 

CD 

•<7 

in 

CM 

in 

CO 

CD 

in 

in 

CD 

CM 

CO 

co 

CO 

7 

CM 

CM 

CD 

00 

CD 

c* 

co 

CO 

CO 

CD 

co 

i  I  i  i  i 


pi  o  in  id 
in  o  id  to 
cn  O  in  id 


ip  O  in  n 

00  CD  CD  00 
I  I 


co 

CM 

0) 

01 

*7 

CO 

CO 

CD 

O  O  O  O  in 

O  O  O  O  t" 

O  O  O  O  in 

OOOin-- 

oi  o>  oi  ■3  co 


7 

o 

<r- 

o 

o 

in 

CM 

01 

”7 

r* 

CO 

o 

01 

o 

CD 

CM 

in 

01 

7 

o 

CD 

r- 

o 

CO 

h* 

CO 

CO 

o 

in 

eo 

C- 

c- 

CD 

CD 

01 

CD 

CO 

i  i  i  i 


in 

CD 

CO 

CO 

CD 

co 

CO 

CD 

7 

o 

in 

in 

■7 

CN  CO 

7 

CM 

CM 

co 

7 

Oj 

CM 

CM 

CO 

CM 

in 

01 

in 

•»— 

r- 

01 

CM  10 

CO 

in 

o 

7 

CO 

0) 

CD 

in 

in 

CM 

CD 

CD 

ID 

01 

in 

CO 

-* 

r-  (o 

CD 

in 

in 

co 

01 

o 

- 

- 

- 

CM 

- 

-- 

- 

- 

*- 

o  o 

01 

o 

in 

7 

r* 

01 

CM 

in 

CM 

o 

in 

in 

CD 

r- 

in 

<o 

*- 

CO 

01 

co 

CM 

CD 

CO 

CN 

O) 

CD 

co 

7 

01 

01 

01 

CO 

CD 

CM 

O) 

CM 

CD 

in 

o 

eo 

in 

in 

in 

in 

CO 

CN 

CM 

01 

CO 

7 

CO 

o 

o 

CD 

7 

co 

CO 

CD 

CM 

CM 

0) 

- 

- 

- 

- 

CM 

— 

— 

o 

d 

o 

o 

o 

T- 

— 

CM 

M'jnwOMn'rw 

cnipcNiDcominiDr- 

•'-t'-ooOCTiPiOf-'in 


OOO—OCNCN’-'- 


t'-ciOt'-iD'-mo 

f^nino^ococT) 

’-cnooffl-oio 


-r-O'-’-O-OO 


corO'-OroooiDiDoo 

CMOffi'-'tcvncoO 

On-r^r'TTCNOO-^ 

’“OOO’-’-'-’-’- 


to  oi  i\  in  n  i  n  eo 

n  n  co  to  o  m  t" 

O'JiDiDinfO'-oo 


-OOOOOOO-'- 


Nifiinwtjooio 

O'Jinin'jeoiDco 

cnr-iDiniDf'CMOi 


OOOOOOM’- 


cn  I--  CD  oi  cm  n 
to  ^  io  n  n  01 
in  id  O  —  •>-  n- 


O  ^  v  ^ 't  id 


O  ID  01  f»  O  O 

n«  in  r~  O 

oi  *-  oo  t"  r-  cm 


in  in  *r  ■q-  *3  ■c 


inooinoico'- 
03  ip  o  in  n 
co  --  in  n  -- 


n  n  oi  n  1}  Tf 


id  co  oi  —  co  oi 
on  oo  t-~  o  ^  id 
p-  m  in  cm  •«- 


n  rr  <j  rr  ^ 


pi  pi  •*-  oo  id  in 

in  id  "3-  oi  O' 

0-  id  oi  in  n 


*3  pi  pi  ■<3  'j  n 


O  3  CN  O'  "3  O 

ID  ID  CD  3  PI  O 

in  —  in  o  id  id 


—  •>-  O  O  m  cn  pi 


lO  3  mo  in  N 

•3  O  ID  00  CD  (D 

CN  01  CN  ID  CO 


■<3  ^  pi  pi  id  in 


OOOOOOOOOOOOO 

ooooooooooooo 

OlDlD'JCN'-CNCimCM’-'-CNrT 


oooooooooooooo 

I  I  I  I  I  II 


ooooooooooo  ooo 

ooooooooooo  ooo 

CM'-CM'3(D'3'-C,5'>3'3CMOCMin'3 


ooooooooooooooo 

I  I  I  I  I  III 


o  ooooo  ooo 

o  ooooo  ooo 

PlOOOOP)>JlDN  -  OlD'-CN 

OOOOOOOOOOOOOO 

I  I  I  I  I  I  I  I 


CM 

7 

lO 

01 

o  oi 

CM 

CD 

r- 

■«-* 

7 

CD 

01 

T- 

7 

ID 

7 

r- 

o 

CO 

in 

CN 

in 

01 

c* 

7 

CM 

CO 

(P 

CO 

in 

«*- 

C- 

PI 

CO 

CM 

CO 

CM 

in 

CO 

T- 

01 

CD 

CM 

in 

o 

CD 

01 

r- 

01 

o  <3 

7 

r- 

01 

7 

ID 

CM 

CM 

in 

CM 

ID 

CD 

CD 

o 

CO 

CD 

eo 

o 

IP 

eo 

CO 

tn 

in 

m 

01 

o 

C- 

O) 

CO 

r- 

eo 

O  in 

CO 

O  CD 

7 

in 

7 

<r“ 

c- 

CD 

o> 

in 

o 

m 

*¥“* 

in  o 

m 

7 

7 

CM 

01 

IP 

CO 

O  7 

CO 

7 

7 

CD 

in 

m 

7 

7 

7 

7 

CO 

CO 

CM 

CM 

7 

7 

CO 

7 

7 

7 

7 

7 

7 

CO 

CO 

7 

7 

CO 

«7“ 

0 

0 

3. 

CN 

CO 

7 

7 

CO 

CO 

CD 

in 

CM 

O  co 

in 

CO 

0) 

in 

-r- 

O) 

CO 

CM 

CO 

<*- 

O  01 

CN  O  CD 

in 

CO 

CO 

CM 

01 

CO 

CM 

in 

CO 

«T“ 

CO 

7 

CM 

CN 

O  CD 

ID 

in 

7 

n  O 

ID 

01 

IP  CO 

01 

eo 

CD 

0) 

0) 

CD 

7 

in 

CM 

CM 

o 

O  CD 

in 

CO 

c- 

CO 

01 

0) 

O  ID 

01 

c- 

CO 

CO 

CO 

01 

CM 

O  h- 

(P 

in 

7 

CO  c- 

O) 

CD  01 

— 

O) 

co 

O  t- 

in 

01 

o 

o 

01 

oi  o 

co 

CO 

7 

CM 

o  o 

o  ^ 

ID 

O  in 

CO 

o 

O  CD 

IP 

in 

ID 

0)  CM 

01 

o 

o  o 

•r- 

o 

CM 

CN 

•r— 

■r- 

o 

-r- 

o  o  - 

O  O 

o 

T- 

- 

■r- 

o  o 

o  o 

o 

o 

■r- 

0 

0 

i 

o 

o 

O  CN 

•V 

ooooo  ooooooooooooooooooooooooooooooooooo  o 
ooooo  ooooooooooooooooooooooooooooooooooo  o 
ominininooooooooooominininmoooooooooooooinininoinoinoo 


OcNt'-cMt'-OOOOinOOinininocMr'CXf'CM 
f'CNCMPin  miDP''-cM''3'3in<DcocNrMC,ir3'T 


00000in0in00000f'CMr'0cMinn-00 

C00lO’-CNCN'3T3in'’-'3t'-OCNPlPl^',3'T^T  cn 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

n 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

in 

o 

o 

in 

o  o 

OOOOOOOOOcn 

CM 

CM 

CM 

CM 

in 

in 

in 

in 

in 

m 

LO 

in 

in 

in 

in 

in 

in 

c- 

c- 

c* 

r- 

o  o 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

eo 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

eo 

co 

CO 

CO 

CO 

CO 

CO 

co 

co 

co 

eo 

co 

CO 

CO 

co 

co 

co 

co 

co 

co 

co 

co 

CO 

co 

CO 

co 

7 

7 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CN 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CN 

CM 

CN 

CM 

STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


189 


ip 

**- 

— 

o 

O) 

CM 

o 

o 

in 

co 

■*“ 

co 

o 

o 

rr 

o 

o 

CP 

in 

ip 

cc 

ip 

o 

— 

<P 

o 

o 

LO 

CP 

CO 

O  O  (n  o  n  O  in 
OOlDOOllflffi 
O  O  —  O  IP  ■'T  CN 


ip  f- 

m  in 
O  'T 


CD 

oo 

CD 


<p 

CO 

o 

O  -  CD 

05 

in 

CO 

CD 

U) 

o 

O  O  in 

co 

IP 

o 

O  IP  CD 

TT 

(P 

CM 

OOniDOOOOocoM 

OtPC0O05OiP05CDrrr- 

O'-UMn'JOUMfHDUIffl 


CO 

in 


V  «  It  O  CN  — 

co  co  co  O)  f»  co 

i  i  i 


miD'jwoooifiO'f 

’fnminMjioimoin 


rt  rr 
cc  co 


to 

co 


in 

co 


'j- 

co 


■*}■  —  coinin  — 

I'-inf-^i-rrcoipr^r^t— 

i  i  i  i 


O  co  to  in 
05  co  co 


inoooiD'T 

co  0)  co  co  co 


i  i  i  i 


r-  t" 
co  co 


CO 

co 


CM 

O 

CM 

in 

— 

in 

O  in 

CO 

in 

in 

05 

CD 

*- 

r- 

CP  CD 

IP 

IP 

CO 

m 

CO 

IP  o 

O  in 

rr 

in 

cm  in 

— -OOOOOOOOOOOO 


CM 

IP 

co 

ip 

ip 

CO 

IP 

05 

CM 

05 

in 

•*- 

in 

ip 

CM 

•N— 

Oj 

O) 

CD 

in 

in 

in 

CM 

o 

in 

^  o 

O  IP 

CO 

00-----0000000 


CM 

■*- 

ip 

CO 

ip 

00 

CO 

O  05 

in 

co 

CO 

05 

ip 

in 

O  CD 

CO 

05  CD 

co 

o 

CO 

CO 

CO 

in 

in 

CM 

(P 

CO  — 

IP 

ip 

r- 

o  o 

- 

- 

— 

O  O  CN 

- 

— 

— 

— 

in  cn  cn  in  in  O  ncoinOcMCNiniDCDcncoino) 

05  O  CN  CO  O)  CN  05CDTTCP'<3-  —  r-CNt^COO  —  — 

iDif)ninicooOOMf5'-O’-M0oioi'-'-'-i- 

—  —  —  —  OOOOOO  —  —  -  OO-  —  —  —  —  - 


n-n-05  iPino5r-cn- r-t-«cNO,JOcnip*jcnt'~ 

cn  O  nr  —  05ip- cnincn  —  ipipeoocncNcncpf- 

05incoOOr^in  —  CNr-tninipipcocncNt^in'atDin 

OOOOOOO--OOOOOOOCN--  —  OO 


m  CN  N  N  o  O  cp  r-  cn 
^  cm  co  co  in  —  05 

OMJi'incNOOco'fO 


inTfCNCN  —  CNOO-  —  CN 


05  —  —  cooocNioncoin 
Ocoom  —  05  —  cn^i^ 
CNlOCDr~COCOCNOlO  — 


cn  —  —  —  —  Tirr^coro 


05  ^  CO  —  CD  05  l--  'T 

co  co  nr  On-  —  05  oo  co 

■'Tincooo  —  cn  —  cn  o  ip 


CN  —  —  OOCN  —  CN  —  COCO 


P505C0lP'?n-CNO'<TOCN 

inCNCDCDIPr-O'S'lPna-iJ 

too  -  —  —  nr  —  cnioin  — 


conrcncN  —  ipinnr,q-cnnr 


o  o  o  o  o 

o  o  o  o  o 

CO  05  —  o  CN  CN  O 


o  o  o 
o  o  o 
O  -  i  n  o 


o  o  o  o  o  o 

O  O  O  O  O  O 

O  —  O  —  co  co  cn  on 


CN 


OOO  OOOOO  OOOO  OOOOOO 

OOO  OOOOO  OOOO  OOOOOO 

nincNOOcNcncNCNipO  —  CNCO  —  O  —  cNCncnO^ 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


0-0 


=5- 

CM 

in 

T- 

CP 

CM 

u> 

05 

CO 

CO 

co 

IP 

O)  CN 

in 

CO 

CD 

ip 

05 

CO 

o 

CO 

CO 

in 

O  CD 

ip 

in 

c- 

CM 

CM 

CO 

co 

CO 

O  IP 

05 

in 

05 

ip 

CO 

O  CD 

in 

r- 

CO 

o 

r- 

CO 

IP 

co 

m 

CO 

CM 

CP 

CD  — 

co 

CO 

CD 

O  r- 

05 

CO 

O  O  eo 

0) 

CM 

ip 

CO 

r- 

in 

CO 

O  IP 

CO 

«r- 

CO 

O  O  O  CN 

o 

05 

05 

ip 

ip 

o 

CD 

O  05 

CP 

cr- 

o 

in 

CM 

CM 

9“ 

CM 

o  6  - 

— 

CM 

— 

— 

— 

- 

TJ*  CO 

CO 

CM 

— 

— 

O  O  CN 

- 

CM 

- 

CM 

CO 

co 

CM 

CM 

- 

ip 

in 

CO 

CN  —  00  CN  o  05 
cm  n  cm  co  if)  v 
n  in  cm  o  n  co  O 


v  n  cm  O  cm  O 
O  05  in  co  nr  cn 
co  co  cm  O  —  n 


in  n  in  n  cm  -  0) 

n  in  O  —  cm  n  co 

(P  CN  CO  CN  —  —  — 


co  cn  —  ip  in 

Mf  O  CR  ny  CD 

OfficoOOnn 


co  cn  cn  —  O  O)  n  co 
—  r-ipinnycN  —  ip 
cNCNCDininipcoeo 


cn  in  n  cm  co  eN 
co  O  t  in  ip  ip  cn 
co  cn  n  in  O  10 


----OOOOOO 


o  o 


OOOOOO 


OOOOOOOCM 


o  o 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  OOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO  OOOOOO 

oooooinooinoooininininooooooomooinoooinoinoinooooooooo 


OOinoinn- 

IP  n  CN  05  05  O) 


OinnOinincMnMMOOOOOOinnOinn 
nrnjTjininiPCoconaincooiO-  cNCOcoconrnrnr 


OinONOcNinnOOOOOOinotn 
inin<pr5'T*T'3-'?co'>a-  in  ip  r~  co  nr  nr 
—  —  —  —  —  —  —  —  —  cn  —  —  — 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

OOOOOOOOOOOCNCN 

CM 

CM 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

r- 

c- 

CO 

in 

o  o  o  o  o  o  o 

T3- 

rr 

^7 

"3- 

rr 

rr 

n 

rr 

<*T 

TT 

rr 

TT 

in 

in 

in 

in 

in 

in 

in 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

300  4.129  -0.400  4.170  0.259  1.956  -84.099 


STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


190 


CN 

O 

CP 

o 

o 

▼- 

CN 

ID 

«- 

in 

CN 

o 

o 

CO 

O) 

O 

in 

o 

o 

CO 

'C 

0) 

T— 

CN 

CN 

o 

CN 

CP 

r- 

in 

CO 

o 

o 

CP 

CN 

o 

*3- 

CO 

in 

CO 

o 

in 

CD 

CN 

O 

o 

in 

TT 

ID 

cd 

O 

cd 

o 

CD 

CD 

01 

CO 

CO 

CO 

CD 

CO 

co 

CD 

01 

CO 

1“ 

O 

in 

cd 

in 

in 

O) 

CD 

o 

o 

o 

o 

CN 

o 

in 

CN 

in 

ip 

■*“ 

CD 

TT 

o 

o 

o 

o 

CN 

CN 

CN 

•c 

ID 

o 

ip 

in 

0) 

in 

CD 

o 

o 

o 

o 

CP 

rr 

CM 

<P 

r» 

CP 

CP 

CP 

o 

o 

o 

in 

CP 

CP 

CO 

CO 

CO 

CD 

CO 

CO 

CO 

CD 

CD 

CO 

0) 

O) 

O) 

CO 

CO 

III  II 


0) 

CN 

CO 

o 

o 

0) 

r- 

in 

o 

in 

O 

r~ 

CD 

O 

CP 

CD 

o 

o 

CP 

0) 

o 

ID 

o 

o 

CN 

CD 

CO 

CO 

o 

in 

CO 

o 

in 

o 

00 

CN 

CP 

in 

in 

f- 

o 

t-~ 

CP 

o 

ID 

o 

co 

CO 

CO 

CO 

CO 

0) 

co 

co 

CO 

0) 

CO 

o> 

CO 

CD 

I 


ID 

0) 

n  n  in  ry 

CO 

TT 

CN 

01 

CN 

CD 

CN 

CO 

o 

CP 

0) 

CN 

n  Q)  o 

in 

CD 

CD 

o 

h- 

— 

CD 

CD  CN 

CN 

CN 

o 

cp  ^  O  cp 

in 

•d- 

CD 

CN 

CD 

CD 

— 

o 

CO  CN 

0) 

— 

— 

oooo- 

- 

- 

T— 

- 

- 

- 

- 

— 

O  CM 

o 

in 

01 

ID 

in 

O 

in  o  co 

ID 

CN 

CO 

CN 

CD 

ID 

cn  o 

ID 

CN 

CN 

CN 

r- 

r- 

r** 

CO 

CO 

0) 

cn  o  o 

■*“ 

CN 

oo 

CN 

cn 

O  CM 

CD 

co 

O  co 

CP 

CD 

in 

CD 

-  O  MP 

in 

CD 

CD 

CD 

O  CO 

cn 

- 

- 

- 

OOOOO-- 

- 

- 

- 

- 

- 

CN 

CN 

- 

O  o  O  CM 

CN 

cn  id  O  cm  tj  —  (x> 

cm  o-  O  CD  cn  cm  cn  in 

MJCO  —  O—  OCM  —  O 

oo— -oo--- 


^CMtnCMCO'TCniD 
■'CCMcnr-inr-r-'r'- 
O  n  md  co  in  o  01 


-OOOOOOO 


cocNf*  —  ocmcdcmid 
incMMrt'-cooiniDt'- 
oicMCDinT  —  mr^in 


cm  cm  O  cd  id  cn  cd 

coo)  O'^mnin 

n»'0ncNCM'-00 

O  O  Q  •*— 


inOinaitDCNCNCNOi 
iDinr-cncniDC-  —  cm 

—  cMcninmr^iDcnO 

—  CM  —  —  OOOCMCM 


in  n  n  <f  cm  cmi^'3- 
md  o  a  n  in  in 
roaunmnO'i-iJ) 


fMCMrMCMOO'9'Tn 


^-“Orj-TtcOOCPlf) 
OiDf-r-ooi- cdcm 
r~<j'q-f~co  -  —  Oid 


cncncncncncncncncM 


rr^TincocN'T^cr) 
c-mt- cnm  —  cn^r 
iDa>Oeococncnr~ 


iDinin's-encncM- 


cn  cm  in  cn  cn  c-  in 

ID  CD  OCM'JMDO 

—  inOf^,ycMa)f'-c~ 


—  OO'O-'y^cncncn 


cDf~f~r^cD,ct'--<Dcn 
CMincMcn  —  men- ai 
'joONm^o-'- 

CniDIDiniMCMCMt-'lD 


oooo  ooooooo  ooooooooooo 

oooo  ooooooo  ooooooooooo 

in'jrMCMOOtnncMCOMt^nOMtncM’-cMCMCMCM'-’-'-o 


oooooo  ooo  o  oo 

oooooo  ooo  o  oo 

000wcmcmcmcm'>-0cmm(m0’-0,-cm 


oooooooooooooooooooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  III 


cm  r- 

CD  O)  CN 


CM  CM 
O  CO 


co  to  cd  in  O 


Is- 

O  co  ID 

cn 

CN 

ID 

cn 

ID 

cn 

in 

CD  IP 

CO 

o 

CO 

ID 

■D- 

cm  o  n 

cp 

cn 

CN 

in 

CO 

CO 

CD 

CD 

CO 

CD 

O  CN 

in 

r- 

cn 

O  CD 

ID 

y~ 

ID 

CD 

O  CM 

CN 

CP 

co  cn 

**- 

CD 

in 

00 

O  CN 

TT 

CO 

CN 

CD 

CO 

«r- 

0) 

ID 

CD 

co 

o 

O  ID 

ID 

00 

O  CD 

co 

CD 

CD 

in  o  id 

rr 

CN 

cn 

CO 

O  CM 

co 

O 

** 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CN 

ID 

in 

5 

4 

CD 

CD 

CN 

- 

- 

P 

0 

0 

CD 

CD 

CD 

CD 

ID 

CD 

in 

CN 

CN 

CN 

CD 

CM  CM  CM  CM  o  O 


MD  n  CM  CM  CM  —  o 

r~  in  m  cn  cn  in  id  c~ 

inOT  —  O  —  OCM  —  O 


cor-in’ccDiD'JiD 

t'coaiOinn'-o) 

OCnr-OCDlDCncn 


—  c-cncMiDOeoiD 
iDcninoocnOiDiDr'- 
cncMcninn  —  cir-in 


v  cm  cm  —  o  oo  r- 
oo  cn  —  cm  cn  'S’  in 
D’-oncMCM-oo 


inoiinoinocM'fO) 
iDinco  —  miDr-- cn 
—  CMCn«DCnh»lDCnO 


oo--oo----oo-ooooocm----oooooo 


CM'-’-OOOCMCM 


O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  OOOOO  O 
OOOOOOOOOOOOOOOOOO  OOOOOOOOOOOOOOOOO  OOOOO  o 

oooooooooooooooooooooooooooooooooooooooooooo 


o 

in 

o 

in 

o 

O 

o 

O 

O 

ooo 

o 

in 

o 

in 

o 

in 

O  O 

o 

o 

m 

O 

o 

o 

o  o 

o 

o 

o 

o  o 

o 

o 

o 

ooo 

o  o 

in 

o  o 

in 

in 

IP 

ID 

r* 

o 

CO 

cn 

o 

CN  CD 

in 

in 

CD 

ip 

CD 

ID 

r- 

in 

CO 

y- 

r- 

o 

CO 

cn 

o  - 

CN 

CD 

CD  ip 

ID  CO 

0) 

CD 

y~ 

— 

CN 

n 

▼“  ^ 

y- 

y- 

— 

y~ 

y~ 

y~ 

CN 

CN  CN 

n 

—  — 

<V-  T- 

8 


o  o 
_  o  o 
ooo 


o  o 
o  o 
o  o 


oooo 

oooo 

oooo 


OOOQOOOOOOOOO 

ooooooooooooo 

ooooooooooooo 


ooooooooooo 

ooooooooooo 

ooooooooooo 


ooooooooooo 

ooooooooooo 

ooooooooooo 


OOOOOOininin 

ininininininininin 

CMCMCMCMCMCMCMCMCM 


inininininininiDyr 

ininininininininin 

CMCMCMCMCMCMCMCMCM 


oooooooo 

inininipicininin 

CMCMCMCMCMCMCMCM 


OOOinininininin 

IDIDCDCDIDIDIDlDID 

CMCMCMCMCMCMCMCMCM 


mOOOOOinOO 

CMCMCMCMCMCMCMCMCM 


STRESS  DATA  :  CONFIGURATION  3  cont. 

XCOORD  YCOORD  SIGX  SIGY  5IGXY  SIG1  SIG3  TAU  THETA 


191 


CM 

in 

co 

co 


iil§iill§illilllllll§||||l|§|§|||||||||||| 


SSS2S22irnoooo0l(,®oooooinoin 


ooooomooooom 

010l0)0)(l)'f0)ff)0)0l01^ 


o  o  o  o  O  in 

a)  O)  a;  ro  a)  n 


ID 

CD 

ID 

CO 

0 

ID 

0 

in 

h* 

CO 

in 

O 

in 

0) 

O 

CD 

O 

in 

in 

O 

CD 

T 

IX) 

CO 

0 

CO 

co 

(7) 

CD 

in 

CD 

05 

0) 

in 

G) 

O) 

O) 

CO 

r- 

cr 

IX> 

CD 

r- 

in 

CD 

* 

O  CM 

in 

CD 

O  ID 

in 

CD 

CD 

0  - 

0  f*- 

CM 

CD 

■^'“'■'"OOOOOoi-^-r-oOOOojCM'-OOOOOOfMCM'-^- 


0 

CD 

TT 

h* 

0 

CD 

r- 

in 

CD 

CM 

in 

CO 

CM 

in 

in 

O  1- 

CM 

ID 

m 

O  1" 

CM 

ID 

in  0 

O  O  CM 

CM 

T- 

- 

O  O  CM 

CM 

- 

1- 

O  O 

cmcoc^cmcocd’iJ’Cn  O  n  in  in  ^ 
idcd  —  'TiDr^cccn  cm  c-  cm  c-  co 
icnoiOMnn-O’-ir-inn 

'-’--'-OOOOOCN-'-OO 


cm  ino)'-roTjcN  cn  n  t  in 
O)  mn  o  n  o  (J  0>  ^  05  ■'T 

,-O,3'0ir)0)c,5’-O'-Of'Oii! 


OOW’-OOOOOONN'- 


r'oo  cm  in  c~  co  cm  in  co 
05  t  n  0)  v  a  it  a  &  rr 

OinOf'’-tDOinoi^'-in>Oino 

’-OONN’-’-OOniN'-’-OO 


in^oaifflU'tN  <i  o  o  in  t 
incNa)incN'>3'(x>co  cn  t-.  o  mt  id 
inr"~a>cMCDf~-'-inOiDO,3'f'~'~ 


cm  tt  O  co  ir  ^  w  cm  O  co  id 

eo  —  in  co  cm  id  co  co  ■>-  co  cm 

lno^-'tco’-lnOlnon^D5)n 


CM  O  CO  ID  T  CM  O  CO  ID  CM 
ID  <7  CO  CM  ID  *-  CO  CM  CD 

iDOoipmniDOniDcnniDO 


ininncM'-’-oOiDinn’-'-oOMD'tiM'-oOOOcoiD'jn’-OffliD'tn’-OeoiD^n-O 


O  O  O  O 

o  o  o  o 

’-’-OOOOOOO'-OOOOOO-'-OOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooo 

ll'll  I  III  II  I  II  I  I  I  I  I  I  I  I  I 


cm’-Ocdcoid-'S’Cm  cm  o  co  id  v  cm  cm  o  co  id  ^  cm  cm  o  co  id  cm  o  co  id  ^  cm  O  co  id  cm 

incMCTtincM'rrcDco  nr^o^cDcc  in  co  cm  id  co  co  ^  oo  cm  id  "-^tcocmid  tt  od  cm  id 

ir)h-a)CMnc'^ino<DO,5'i^’“inOf''-'»co’-inoinoc,5iDaicr)(DOco(DO)c,5iDOcr)(Da)cT)<DO 


D'rnnoi’-»-oOiDDn'-*-OOC'iD'TCM»-OOOOe0iD'Tn^Oe0(D'tn’-O!DiD^n,*O 


in"-f^cNcoiD,!?CN  cm  co  in  id  cm  oo  05  «-  co  cm  cm  cm  in  r-~  co  cm  ■<?  in  r--  co  cm  tj-  m  co 
iDOn^rrcDf'COCT)  cm  r-~  cm  t—  co  O)  r~  cm  co  co  co  05  o  ’T  o  CD  n  ji  9  ro  <t 

cDDCMOP'incD'-o,,“tn*-ir)n'^Ono)fciotcr5'-0’-Or-0<DOinor^'^iDOif)Oc''^iDOino 

'-'-'-’■OOOOOni'-’-OOOON'-’-OOOOOOcMCM-'rOOCMni'-'-OONCM’-’-OO 


OOOOOOOOOOOOOOOO  OOOOOOOO  OOOOO  OOOOO  OOOOO 

OOOOOOOOOOOOOOOO  OOOOOOOO  OOOOO  OOOOO  OOOOO 

0000000000000000000000000000000000000000000 

0000000000000000000000000000000000000000000 
(DOicMincO'-^rr'OcocDin'-'Tr^O  idcmco'S-i^Oc-O  cdcnco^tO  id  cm  co  v  O  id  cm  co  O 

CM  CM  CM  CO  T-  CM  CM  CM  n  CM  CM  CO  CM  CO  »-  >-  CM  CO  CM  CO  CM  CO 


8000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000 

0000000000000000000000000000000000000000000 

cncncDCDOiocDCDcncMCNCMCMCMCMCMinmininininincoco  —  —  '-'-r'r^t^r^i-~’-~cocorocornco 

cMCMCMCMCMCMCMCMrMnnnnonnnnnnnnnno'tfl't'ttt^'jMt't^'j'tinininininD 


CONFIGURATION  4 


STRESS  DATA  :  CONFIGURATION  4 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


193 


o 

o 

o 

7 

CN 

in 

o 

o 

o 

o 

o 

7 

CM 

LO 

o 

o 

o 

o 

o 

ID 

CD 

o 

o 

o 

o 

o 

in 

CD 

o 

o 

05 

05 

05 

CD 

CD 

ID 

O) 

a> 

o 

CO 

CN 

o 

7 

o 

CD 

O) 

CD 

o 

o 

O) 

7 

0) 

CD 

6 

CD 

ID 

CD 

ID 

CO 

co 

CO 

c> 

CD 

CO 

CO 

ID 

CO 

CO 

CO 

ro^rcocnOinOO) 

eo'j’Tt^OincDt^ 

OinoiiDiD'-O)® 


COt'~IDtnt"MC'OCOCO 

COCOCOCOCOIDCDCO 


n  oo  n 
^  m  n 
Mn  n  in 


co  co  oo 
co  co  co  co 


CD 

CO 

in 

CD 


OOO) 

o  o  - 

inoo 

t"  O  co 
in  O)  co 


omcni-'OOOOt^ 

roocor-OOOOm 

iDtD'-t-iDOOOco 

MDiniCNOOOcc 

CCCDC0C0COCOO5O)C0 


n  o 
•v  o 
r-  O 

co  O 

CO  05 


7 

o 

CO 

in 

o 

7 

in 

CO 

in 

o 

o 

7 

CD 

05 

CD 

in 

CO 

O  in 

o 

CD 

r- 

ID 

CO 

CD 

o 

7 

<7 

7 

7 

CN 

CD 

CN 

CN 

05 

ID 

7  id 

0) 

CO 

C- 

ID 

ID 

CO 

in 

0) 

7 

O) 

7 

CN 

CO 

CN 

7 

O)  ID 

CD 

CM 

CN' 

- 

z 

0 

0 

CN 

- 

•*- 

Z 

0 

0 

0 

CN 

M- 

o  o  o  o 

ID 

O) 

-- 

CD 

CO 

in 

CO 

O) 

in 

o 

CO 

CN 

7 

05 

r- 

CD 

in 

r- 

O  CN 

ID 

ID 

7 

00 

7 

CN 

in 

O  O) 

O) 

o 

CD 

o 

ID 

CO 

CO 

in 

CN  O 

ID 

ID 

ID 

7 

O  m 

CO 

CD 

ID 

in 

*7 

CM 

ID 

CN 

CN 

CN 

CN 

- 

z 

0 

0 

CN 

CN 

CN 

T- 

O  O  O  CM 

CN 

CN 

CN 

CN 

CNTfinr0OOCNC0OCDCDCD'TOCNCNC0CDCDO'“OOl0nJC0CNCDO',“CDI^0500C0f^'-  MO  (N  N 

<TCT)^r(T)^r^viocMiD'-DCN's-0)Trioa)'<-^u)r)«iTuio)'-^r05^^T^iniD’-in’-(o  n  id  o; 

cocNiocncDOr'incDCNiDOOcDCNiocNCTiiocDOOcotncNaiioomoioioinocNi^oOiC'^'^cMiD 

CNCM-^OOOCNCM'-'^OOOCNCM^'-OOOOOCNOJCN'^'-OOOCNCNCNf-'^OOOCNCNCNCNCM 

I  I 


O  cc 

ID 

CO 

o 

o 

o  o) 

co 

CO 

CD 

7 

CN 

O  05 

CD 

co 

m 

O  “7 

O  CM 

O  05  05 

co 

o 

7 

ID 

O  05 

CO 

0) 

7 

O  05 

05 

o 

7 

CO 

CN 

CD 

in 

05 

7 

CN 

in 

co 

in 

CN 

05 

f^> 

7 

CD 

CO 

in 

co 

CN 

r- 

CN 

in 

CD 

O) 

7 

O  CM 

ID 

o  m 

CN 

CD 

ID 

05 

CD 

in 

*7 

7 

in 

co 

7 

CO 

7 

in 

O  CN 

CD 

<7 

ID 

co 

cd  in 

ID 

oo 

05  O  05 

ID 

CN 

O  05 

■7 

O  CM 

7 

co 

CM  o 

7 

7 

CO 

o 

co 

ID 

<7 

CD 

- 

8 

0 

in 

7 

CN 

8 

0 

0 

ID 

in 

7 

CD 

CN 

0 
0 
8 
7  . 

ID 

5  . 
5 

CD 

O  CO 

ID 

7 

CN 

O  O  co 

h- 

ID 

CO 

I  III 


ooo  o o o o o o o o o o o o o o o o o o o o o  oooooo  oo 

ooo  o o o o o o o o o o o o o o o o o o o o o  oooooo  oo 

000,-",‘000r'"'‘'‘’',‘,‘’‘'"'''''"”"’’'’,’,’'"’‘'‘0'"ni’-n’-’-000''’‘0 

ooooooooooooooooooooooooooooooooooooooooooo 

I  III 


OcoiDTCNOOcnr-'incn'-  OcoiDinnrorM'- 

•^•^TcocNioo,_c~'r‘incr)CD  --'ccoincMO)iDn 

nioCT)CDin'-'>s-inco'-'i3'OoOinr-ocNr>'>T(x>co 


cciD's-c')  —  O®r'-m,«3-CNOOC0iDin,<3'C’5CM~-o 

i 


O 

05 

00 

ID 

7 

CN 

7 

7 

CN 

in 

CD 

CD 

o> 

05 

CO 

«*— 

7 

■*- 

CO 

CN 

ID 

CN 

in 

o 

in 

05 

CD 

CN 

ID 

05 

7 

CM 

in 

ID 

CO 

05 

o 

CD 

ID 

o 

o 

05 

7 

o 

CN 

7 

o 

o 

7 

CD 

CO 

o 

GO 

7. 

6 

5 

5 

3 

o 

00 

7  . 

7 

6 

4 

z 

0 

o 

CO 

7 

7 

6 

CO 

CN'D-inC'CDOCNCDO 

rffl’fOi'jO'fiflw 

cDCNiocncD'^-r'ina) 


CNCN'-OOOCNCN'- 

I 


’-nicON'CiD'' 

r'CNCMOnai'D-f^ 

CNIOO^COCNIOCN 


■’-OOOCNCN'-'- 

I  I 


r^mco^rOcNconO 

D)CNTrr~O,3-i0CT)CN 

cnircDOCDCDincNO) 


OOOOOCMCMCM- 

I 


inr--eooco05c~o 

■wO’c-O’J'int^cN 

(omcDCNiDiDina) 


•^OOOCNCMCN'- 

I 


'-nTtOMnui'fh 

hCVNO'Jl£>MJ)^ 

wnocmiT'J'icmic 


’-OOOCMCMCNCMfM 

I 


OOOOO  OOOOOO  OOOOOOOO  ooooooo  ooooooo  ooo 

ooooo  oooooo  OOOOOOOO  ooooooo  ooooooo  ooo 

ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 
id  cm  a>  ^  O  cnoin'-f^O  iDCMinco  —  <rr'-0  n  in  cn  cm  co  d-  O  cm  05  in  ^  t--  O  cm  ■c  id 

«-  *-  CM  P5  t-  CN  CM  05  CN  CN  CN  05  »-  *-  CM  O  '-CMCND 


O  O 
O  O 


OOOOOO 

OOOOOO 

OOOOOOOOOO 


OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 


OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 


OOOOOOOO 

OOOOOOOO 

OOOOOOOO 


ooo 

ooo 

ooo 


o 

o 

o 


o 

o 

o 


ooooooooooo 

CD  CO  CD  CD  ro  CD  CD 


OOOOOOOOOO 

(ClDlDUiniClCWlCO) 


ooooooooooooooo 

aioocricrimo^'-'-cMcsicMCNCN 


ooooo 
d  d  n  m  in 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  5IGX  SIGY  SIGXY  SIG1  S1G3  TAU  THETA 


194 


o 

o 

CN 

eo 

CN 

y 

p 

CN 

y 

o 

o 

ID 

o 

O 

in 

00 

in 

<J) 

o 

o 

o 

y 

p 

CD 

y 

p 

CN 

cn 

o 

o 

00 

CD 

O 

o 

y 

CO 

CD 

o 

o 

p 

CN 

”r“ 

CD 

in 

p 

CO 

in 

o 

o 

p 

in 

O 

y 

p 

y 

p 

00 

00 

o 

o 

oc 

p 

ID 

in 

p 

CO 

in 

o 

o 

00 

CO 

o 

P 

y 

CN 

ID 

in 

CO 

0) 

o 

00 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CD 

o 

CO 

CD 

CD 

CO 

CO 

CO 

CD 

CO 

00 

i  t 


00 

ID 

00 

CO 

ID 

<D 

CO 

in 

CD 

o 

ID 

o 

CN 

CT) 

CD 

CD 

CT) 

CO 

CD 

00 

c 

p 

o 

O 

O 

<D 

CTj 

■*“ 

y 

in 

cn 

ID 

CD 

CD 

o 

O) 

CN 

y 

ID 

T* 

y 

CD 

CN 

p 

CO 

ID 

CD 

o 

ID 

CD 

o 

CN 

CN 

ro 

P 

o 

y 

CN 

CN 

CN 

CN 

— 

— 

-- 

o 

O 

o 

o 

CN 

CN 

CN 

CN 

CN 

CN 

«r- 

CN 

CN 

o 

(D 

ID 

o 

CD 

in 

CD 

y 

p 

CN 

o 

o 

ID 

y 

in 

CD 

P 

o 

O) 

CD 

in 

O 

CO 

y 

O 

(N 

y 

p 

CN 

o 

o 

ID 

CN 

CO 

in 

CO 

p 

o 

p 

00 

CO 

O 

P 

p 

U> 

in 

p 

CD 

o 

o 

GO 

CN 

CD 

in 

CN 

p 

CO 

o 

O 

00 

CD 

M 

y 

in 

p 

p 

p 

CD 

in 

o 

in 

CD 

in 

CN 

p 

cn 

CD 

CO 

o 

CO 

p 

P 

CD 

CO 

CO 

CO 

00 

CO 

CO 

00 

0) 

P 

00 

CD 

ID 

CO 

CO 

CO 

0) 

ii  iii 


CN 

p 

o 

p 

CN 

CD 

o 

P 

CD 

in 

CD 

o 

y 

ID 

P 

p 

o 

CO 

CD 

CO 

CN 

(D 

in 

in 

o 

(D 

O) 

P 

CN 

CD 

ID 

CD 

p 

in 

CO 

in 

in 

in 

y 

CD 

CN 

CN 

CD 

ID 

CN 

o 

o 

o 

CN 

CN 

CN 

- 

- 

o 

o 

o 

o 

CN 

CD 

CN 

CN 

CN 

CN 

CN 

CN 

n'-OOOi'DNOffi  ^  o  IB 

n  t*.  o) 

c,5(MCNcy)incNa)r'Tj'-^ou)fo*- 

CN  CM  CM  -  -  '-OOOOOfINM 


m*-'--irOinvinNNNN’-o 

O’-CTir'CTi^r'-'q-tNCN'Tr'OcMD 


cnr^O'T  '-’-int^Tj-mcnoin 
CT)  •<-  t  c-  tJUDoiffruffiffiriff 
tni^'^CNOooirJCDton'-mO'- 

oddoooodo’-^d-^ 


Oonini^'-oicoCTio 

0)”-^TCN*-U)CN0)r~ 

'-OBCD'-'-on^tP 


r-iDiDiDin's-ncM  — 


IffOOlOOlMtN 

'fO^CDWONN 

O'-fflOwnno) 


OOr^r'-iDiDiDin 

i 


oOtC’-oocoeoO''- 

Ndiiff'-OinoOO 

cMinf'~CT)in,3-in<D''T 


inminiotffJiD'T'f'g- 


iff  O  n  »  ci  O ’■ 

O  cm  ^  cm  cn  i-*.  m 
’-toan^icBO 


'fonori'-oo 


OOB'-inffiOir'j 
mcoinotD’-i^nco 
roiniff'Tininoo  a) 

*riDiDininiDiDiD'T 


OOOOOOOO 

oooooooo 

0,,-cmcdcm'-«-*'  t-O 


OO  OOOOOOOOOOOOOOOQO 

_oo  ooooooooooooooooo 

O’-'-OtN'^inoin'-eocor^'q-ncM'-^'-'^'-o 


OOOOOOO  O 
OOOOOOO  O 

Ot'-inr-ipinro  —  oo 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ii  iii  ii  ii 


o  o  o 

I  I  I 


o  - 


o 

CD 

CD 

p 

ID 

in 

y 

CD 

CN 

-  CT) 

CD 

p 

P 

P 

O 

CD 

CT) 

y 

CT) 

CO 

y 

p 

O  CT) 

ID 

CT) 

y 

CD 

CN 

«r» 

in 

00  O  O  (O 

CN 

CO 

m 

CT) 

y 

CO 

in 

CN 

CT) 

ID 

CD  ■*“ 

CO 

m 

CO 

y 

(D 

P 

y 

O  r- 

O  CN 

y 

p 

CT) 

»r- 

CD 

CN 

CT) 

ID 

CD 

o 

CD 

P 

y 

CD 

o 

10 

CD 

O 

•r- 

CT) 

CO 

O  O  CT) 

y 

ID 

CO  O  CT) 

o 

CN 

CD 

CN 

CT) 

<*- 

in 

p 

CD 

CD 

CD 

y 

m 

cn 

O  CD 

CD 

CD 

y 

ID 

CO 

O  CD 

in 

in 

p* 

in 

in 

o 

O  t» 

P 

ID 

CD 

ID 

in 

y 

CD 

CN 

- 

L 

O 

0 

p 

CD 

ip 

(D 

in 

m 

m 

in 

ID 

ID 

in 

y 

y 

y 

y 

CD 

CD 

CD 

CN 

o  o  ^ 

CD 

ID 

y 

tn 

ID 

w 

ID 

y 

O’-MOiC’-hneo 

|-'COO)CN'<Tf~CT)CM'i? 

cncNCNCTitnoia)r~^ 


CMCMCM*-  •>-  —  OOO 


^OBNBOOffl 

i^O'cr'CnOrMir^ 

■*-*-iDCT)'-0)eoiD 


OOCMCMCM'-'-'- 

i 


("-IDCMh-TTCM'-OCD 

D0(C”-M(iC)00 

'T’-tD^mrcintDin 


t*>  in  rr  i"  co  oo 

Ol  CC  O)  CM  ^  Is 
7O(N0)MTIMO 


---OOOOO 


tcrj’-cocncN’-mco 

■^05i^cNO)cor~iT)'<3- 

Oinroinn-roo^ 


ooooooooooo  ooooooooooooooooooooooooooooooo 

ooooooooooo  ooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOinOinOin 


O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

o  o 

o 

o 

o 

o  o 

o 

o 

O 

o 

m 

in 

in 

in 

in 

in 

in 

in 

o  o 

o 

O 

o  in 

O 

in 

o 

p 

o 

CN 

in 

p 

CD 

y 

ID 

CT) 

CN 

in 

CO 

y 

p- 

o 

CD 

ID 

CO 

cn  o 

■*- 

r- 

00 

CT) 

O) 

o 

CN 

CD 

y 

LD 

10 

CO  — 

y 

p- 

O  CD 

0) 

O) 

o 

CO 

0) 

CD 

CJ) 

CD 

«r— 

CN 

CN 

CN 

CT) 

T*- 

*-  CN 

CN 

CN 

CT) 

ooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOininininin 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOininintnr-'f-t^f-f- 

ininininininininininint^>t''-f'r'-f~r~cococococococoiccocococoaococococococococococDcDoo 


909  74.208 


' 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


195 


o 

CN 

T- 

h* 

r- 

n 

o 

o 

CN 

o 

n 

CT) 

n 

CO 

CN 

o 

o 

n 

o 

h* 

n 

CD 

CN 

O 

o 

o 

co 

o 

CD 

CD 

to 

to 

in 

in 

n 

O) 

CD 

CD 

CO 

CO 

CD 

t 

T 

CO 

■  i  i  i  i  i 


<x>  —  mmcNOtncD'3-tn  — 
ncNninmcDO—  nco  — 
CDn—  r^cor-r'-r^Tjmc) 

IfJI^COCDCDOOCOCOCOODOO 


o 

o 

0) 

O 

CO 

CD 

n 

o 

o 

CO 

(D 

o 

o 

n 

to 

CN 

CD 

n 

o 

o 

to 

o 

o 

CN 

t— 

<X> 

n 

CN 

o 

o 

0) 

o 

m 

n 

CN 

O 

n 

in 

in 

0) 

T 

co 

CO 

CO 

<x> 

CD 

t 

t 

CO 

<X> 

i  i 


iriDCDOincncD'TiD 

'jOoioiduin'tw 

ooro^cuDNinsr) 

OninOeoiDicnr-' 

cooor^ococDr^ixir' 

ii  i  i  i  i  i 


LO 

o 

CN 

o 

o 

CN 

<D 

(X) 

CO 

ID 

CD 

CD 

■ 

CD 

CD 

CD 

LO 

CN 

r- 

CD 

CN 

r- 

o  o  cd 

CN 

CN 

- 

tD^n^r^mcNOiDCD  —  torn 


CO 

—  (D  CO 

CD 

CD 

r- 

-  o 

CD 

CO  to 

CX) 

CN 

<3-  (X> 

CO 

o 

CD 

to 

CO  <x> 

CO 

■*“  to 

CD 

LO 

co  in  cn  O 

CN 

o 

CD 

in  cd  o  o 

OOOO 

- 

- 

o 

- 

OOOO 

- 

o  o 

- 

— 

CN 

to  cd  *3-  cn  r~  — 
^  1C  0)  O  0/  03 
ID  r>  —  —  CD  CN 


in  rr  cn 

in  —nr) 

CD  O  O  n  r-  id 


in  tt  n  —  o 

D~  CD  o  —  cn  n 
co  c-  in  in  n  — 


n  d  to  ’j  n 

o  —  n  i"  n 

OlD'tNOn 


O  CD  o  "T  n 

cn  co  O  oo  n 

O  i-  t"  O  ^  O 


—  n  —  o  n 

p-  —  n  —  — 

O  d  <j  O  « 


in  —  in  id  p~ 
n  cn  cd  co  cd  in 
O  a)  o  cd  cn  in 


CN  CN  CN  CN  '  -00-0-------00000------dd-dcNCN--d-d0- 


co  co  cn  co  in 
—  co  in  co  —  ^ 
D  03  D  co  n  CP 


n  cd  in  ,>T  n 


cd  cn  — 

cn  co  cn  in 
■c  OO'-D'J 


in  o  O  co  cn  n 


—  —  ^  r-  O  n 
v  in  d  to  cn  ^ 
cn  n  cn  o  03  cd 


■st  n  n 


co  O)  —  —  O 

cn  O)  p*  n  o 

cn  n  in  oo  o  0) 


n  cn  —  o  O  r) 


<nninM3 
n  —  *r  in 

O  in  O  cn  —  o 


n  cn  ■cr  cn  n  O 


CD  O)  O  —  CD 
n  eo  cn 
OODODIJ) 


O  O  -  'I  <J  V 


o  n  o  n  n  n 
in  cn  O  p>  —  O 
O  ro  n  ip  eo  K 


cd  in  id  'j  cn  n 


in 


222222  oooooooooooo  oooooo  ooooo  oooooo 

n2£2SSSnAS29S00000000^^000000  ooooo  oooooo 

Or-'-’-NinnoOcNMncN'-'-'-'->-*-<->-oon’-'"ininoioon<jncMmO’-no)Oinn 


OOOOOOOOOOOOOOOOOOOOOOOOOCOOIOOOOOOOOOOOO 

1111111  II  I  I  I  I  II 


o  - 

I  I 


o  o 

I  I 


n  cd  in  co  —  to  in  — 

—  co  in  P-  O  o  O  CD  n 

pcDMonin'oOO’-D 


Mpin’C'jnmooo'- 


'-«rNOniDffl’jncN 
O  cn  t  t-  CD  —  ncNCDCD 
ncNncNOcocDcNnin 


nTTTTnnncN  — 


—  T  CD  CN  —  CN  CD  TO 

n  CD  CN  CD  O  CD  CN  0)  ID 

ooOcooincDCT)  —  oocNin 


OOnncNn  —  noon  — 


Mnnuincuo^OD 

rocDOincNCDincNoin 

CNCNtDOCDn^nc'CN 


'j’j^cDiniD’fCNnm 


in  —  p~  to  t  cn  —  coin 

d  d  oi  O  ^  0)  co  nn 

inn  —  —  nnaiOOncN 


cncncncn  —  —  —  OO  —  — 


N-OCOMD'CNniD'f 
cooOO-iNnoicc'jp 
i^cocoiDinn  —  oi  d  <i  m 

-------OOOO 


cn  in  cn  t  n  p«-  n 

cd  cn  o  —  cd  in  — 

OnOcoconvOOw 


O  —  —  —  —  —  —  OO  — 


(NfflMDinncN  —  Ocdoo 
O  n  n  >»  n  cn  -  OCDP'iD 
CD^O’COOI-OlMDn 


O  CN  CN  -  —  o  —  OO  —  CN 


OOOOOOOO 

oooooooo 

OOOOOOinOO 


OOOOOOOO 

oooooooo 

mooooooo 


ooooooooo 

ooooooooo 

OOOOOOinmin 


oooooooo 

oooooooo 

OOinOOinOO 


ooooooooo 

ooooooooo 

omoinoinoino 


o  o 

o 

c 

O 

to 

o 

to 

o 

to 

LO 

to 

to 

to 

to 

to 

o 

o 

o 

o 

O  p~ 

CN 

o 

to 

CD 

<D 

co 

CO 

co 

CD 

a; 

CD 

o 

o 

*- 

CN 

CD 

LO 

<x> 

CO 

▼“ 

O  CD 

CD 

o 

CO 

CO 

CO 

— 

CN 

CN 

CN 

n 

Oinf^OinOi^OcNinp' 
CDCDCDOO  —  CO  CD  CD  CD  CD 


O  cn  in 

o  o  o 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o  o  o 

O 

O 

o 

o 

o 

o 

o 

o  o  o 

Q 

O  o 

O 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o  o  o 

O 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o  o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O  in  in 

LO 

o 

o 

o 

o 

o 

o 

O  O  O  in 

to  to 

in 

to 

in 

to 

in 

oooooooooo 

OOOO 

o  o  o 

o 

O  O  O  O  O  CN  CN 

CN 

LO 

to 

to 

LO 

to 

to 

to  to  to 

r- 

r- 

r- 

r- 

CD 

0) 

CD 

CD 

0) 

CD 

0) 

CD 

CD 

CD 

CD 

CD 

0) 

CD 

CD 

0) 

0) 

0) 

CD 

CD 

CD 

0) 

CD  0)  0) 

0) 

0) 

CD 

CD 

0) 

CD 

CD 

CD  0)  D) 

CD 

CD  0) 

CD 

0) 

CD 

CD 

CD 

.  288  2 . 337  1 . 475  -84 .  134 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


196 


id 

o 

o 

•r- 

CO 

to 

o 

h- 

co 

*y 

O) 

CN 

CO 

o 

o 

0) 

CM 

— 

or 

CN 

0) 

0) 

0) 

CO 

CO 

o 

o 

CO 

CO 

CO 

0) 

r- 

0) 

o 

0) 

in 

6 

o 

cc 

CO 

0) 

CO 

CO 

0) 

Cl 

^3“ 

in 

<o 

in 

CO 

0) 

0) 

CO 

CO 

CD 

CD 

CO 

r- 

00 

cc 

GO 

CO 

i  *  i  i  i  i  i 


00 

o 

o 

CO 

CO 

TT 

in 

o 

o 

in 

rr 

CD 

o 

o 

CD 

■*- 

CO 

co 

CN 

o 

o 

m 

ID 

CD 

0) 

o 

o 

h* 

TT 

in 

o 

o 

id 

CO 

CO 

r- 

o 

o 

r- 

r* 

co 

o 

in 

*y 

CD 

CO 

0) 

0 

co 

CO 

co 

co 

CO 

0 

■n- 

co 

CO 

CO 

NDMon’-nif  rouoooiOO 
LOonooNOiC’JiBtDOfflnno 
O©0r^OcMr-00CMO'i®f-© 

ODCOCOCOCOCOCOODCOCOOOOCOCOCD 
i  i  i  i  i  i  i  i  i  i  i 


in 

r- 

CN 

in 

tn 

0 

0 

O  in 

CO 

CO 

CO 

O  co 

CO 

<D 

■*- 

in 

CN 

co 

0 

CO 

CO 

co 

in 

CN 

I**- 

10 

co 

0 

0 

cc 

0 

CN 

CN 

CM 

2 

CN 

2 

r- 

CO 

0 

0 

CO 

h*  CO 

0  O  CM 

0- 

CO 

CO 

0 

0 

<y 

C- 

^  CN  CO 

co 

<y 

CO 

CN 

CN 

CD 

0  CM 

0^00 

— 

— 

- 

- 

— 

OOOOCM-- 

cY'-r^o^-OTrro  —  m  ©  0  ©  0 

00CM00®r»0®TTCMr'-t^0 

0)cN'Tt,)'-h-r^(£iinincMCNOt^ 


MT 

© 


nw<-^(t)nonO'«'ff)’-Ot' 

'r'Cp'0)inir!inr^cri'3-CNforgr~ 

O0®OroOc^,rcM000®r-* 

wpiwW'-'-oOOO'-'-'-'- 


0®t^»-OC')t^©'T  CM  ©  ■>-  0 

0)0,"('ino)'T)r«  in  eo  co  oo 
n-iO'TD'-crii^incNOtDioao^ 


"-'---■'-000000’---'- 


cNinoaicoiOTj-^concMcocoi^in 

0®©0f~r-0'>3-0O©00,3’0 

tNaiccaiintDn'CoiD’-oo^tDtpt^ 


MCiOMnNcon^oiai'-Neo-OnonfflO) 

n'-eoincMNCDKeow'tOirninf'rooi'rcMO) 

coNMUwnnn'jnaiioioictnifT-cBttNn 

Trt^toinininiiiirin'^''^'>5''3’'<j-‘«TTiTjc,3DcocN 


cn—  ncoinomaiCTi^r  —  roO'JincT)in'>3-CT)inco 
t^co  'TtM'iciinco^nNwmiNmirn’-icno 
incoOinffjOnr^r^inco'-ojOOn-in'Tcn-^cN’- 

■'■OOtn'^Tinininininininininin^Jinininininin 


o  oooooooooooo 

o  oooooooooooo 

o/OO’-'J'C’iSta^noioiN'-OO 


00000-00000000000 
I  I  I  I  I  I  I  I  I  I 


o  o 
o  o 


o  o  o 

o  o  c 

5  o  c 

500000000  C 

5  o  o 

o  o  c 

)OC 

500000000  C 

o  o  o  o 

.  -  -  -  _  o  o  o  o 

omwic^wnntMNWNOwntMCMoi 


OOOOOOOOOOOOOOOOOOOOOOOOOO 

III  I  I  I  I  I  I  I  I  I  I  I  I  I 


CO 

0 

0 

CM 

co 

0 

CNJ 

CO 

«*- 

D* 

co 

or 

o 

co 

0 

0 

CO 

CN 

CM 

s— 

TO 

in 

0 

(N 

0 

CN 

© 

(N 

CO 

in 

CN 

D* 

0 

CO 

CN 

0 

0 

CO 

r- 

D* 

0 

CO 

CO 

CO 

CO 

0 

r*> 

co 

0 

m 

n 

0 

0 

CM 

CO 

in 

*3- 

h* 

0 

in 

in 

or 

0 

0 

in 

or 

of 

oy 

Ot 

or 

or 

CO 

CO 

CO 

CM 

*- 

*T— 

in 

o 

CM 

0 

0 

«r- 

co 

0 

CN 

CO 

CM 

0 

0 

CM 

© 

•*- 

CO 

co 

o 

CO 

0 

00 

T- 

•c 

D- 

CO 

in 

CM 

0 

in 

CM 

0 

co  o  in 

0 

o 

CM 

r- 

m 

CO 

CN 

o 

o 

D* 

in 

CN 

CN 

o 

OOin^inininmininmininin^inininininin 


r-  in  —  o~  to  co  n 

in  •>?  i"  id  O  0  cm 

O  in  cn  O  0  in  co 


cm  cm  cm  cm  —  —  O 


Oococoin'T  — 
O  ro  r-  0  ^  co  0 
000000^ 


o  o  o  -  -  -  - 


O  co  in  ij  n  n 

O  O  —  CM  CO  0)  CM 

co  co  ,<t  co  —  o  r- 


—  —  —  —  —  o  o 


co  ^  O  CD  ■c  O 
■c  0  —  0  ® 

in  cm  O  cd  co  in 


O  O  O  O 


BCONOcOMDct 

cofncMrocoi^in 

cM0coOincor~eo 


-OO----- 


co  —  o  0  co 
—  O  o  cd  cd  in  mt 
r~  —  co  —  co  co  r- 


o  ooooooooooooooooooooooooooooooooooooooooo 

O  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

inOOOOOOOinOOinOOOOOOOOOOOOininmOOOinoOLnoOOinOinOino 


r-  O  O  O  O 
O  CO  CD  O' 


inoinc'Oinn-o 

iicjiffiaiOOO’" 


ininininininooooot^C'CMOOinr^OinC'Oinoi^OcMinc-o 
'-cMnTjincDco’-'q-r'Ooo  —  t00)t)irooOO'--cM0)OOOO'- 

*»“  CNJ  OJ  OJ  CO  ^*  *“  ^*  *“  *-  ,*“  *“  ^*  *-  ▼-  **“ 


o 

o  o 

o  o 

o  o 

o  o  o  o  o 

o  o 

o  o 

o  o  o  o  o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

n  o 

o  o 

o  o  o  o  o 

o  o 

o  o 

o  o  o  o  o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o  o 

o  o 

o  o 

o  o  o  o  o 

o  o 

o  o 

o  o  o  o  o 

o  o  o 

0 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

r- 

o  o 

o  o 

o  o 

ooooooooo 

o  o  o  o  o 

O  O  o  CM 

CM 

CM 

in 

in 

0 

in 

in 

in 

in 

in 

in 

in 

r- 

© 

o  o 

o  o 

o  o  o  o  o  o  o 

o  o 

o  o  o  o  o  o  o 

O  O  o 

ooooooooooooooooooo 

*r-CNCNCMCNCNCNCMCNCNCNCNCNCNCNCNCNCNCMCMCNCMCNCMCMCsJCMCNCNCMCNCNCM  .CN  CNCMCNCNCNCNCMCMCM 


684  -86.589 


■ 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  5IG3  TAU  THETA 


197 


£3Z2§,-'I^l2iri£^>f^^>'''r''_®5^,000,3’,3'©©oo©ro©©cNO''“©©©©0©f-~©©©0 

ro<M2RS»m?!f5S':r(7r>CN®S§2t£>®tD,^in0ricou:,ir)®r,CNC)U)(I>--OlDCDr~lX)CT)COrO 
CNCN  0©'T©©©©C~©C\ICNCM000t^©CMCM©0©r~<NCN’-CNCN©0''T,3-''T©CNCN™  —  —  CN 

£??9®i£~£;!£lI>lx>tDC0c0c000C>Ot''r^r'-©©o®©©®®®©©r^©®©©©©©©©© 

®©©©©©©©©©CO©®©©©©©©cO©©©©©©©cOCO©ffl©©ffiffl©©®®fflro©® 

111  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  111 . -II 


CN 

© 

o 

CO 

® 

■*7 

o 

© 

ID 

7 

CD 

CN 

© 

CN 

© 

o 

h* 

© 

CN  CO  LD 

o 

© 

ID 

7 

CN 

o 

CN 

to 

to 

O) 

CO 

r- 

ID 

7 

CO 

CN 

o 

0) 

O 

0) 

~ 

7 

CO 

O 

7 

7 

© 

o 

CN 

o 

o 

© 

CO 

CO 

<7 

r~  © 

ID 

© 

© 

7 

© 

CN 

CO 

ID 

o 

o 

0) 

CO 

to 

LD 

0) 

CO 

CO 

ID 

LD 

CO 

0) 

o 

CO 

© 

© 

© 

ID 

<7 

7 

CN 

’r“ 

o 

h*  7 

© 

© 

© 

ID 

© 

© 

© 

© 

© 

CO 

Is* 

10 

© 

to 

LD 

LD 

© 

— 

CN 

CN 

*- 

CN 

CN 

■>- 

— 

— 

■r- 

*- 

->- 

- 

■r- 

OOO 

T- 

-r- 

T- 

i- 

<r- 

-r- 

— 

T- 

©cn  —  r^0^©m  —  ©©©©CN0®0©©cNr'>t'-©cN0©©‘'T©cN0©0©©®t''©©'<TDCN0 

©CN-— f-00©©©cN-'-0©©r-cN'?'T©©cN'«j©©CN©r~©©*3-©ro'<-cNt'-©©'3-©CN,'-0© 

©©®'T©©©c\icN©©r^t>.f'r'©'*j-cT>cNO©©n'«-'<»©©©t~t'-©Tr"Tro'3-©©©©©f~t^© 


0©cn©©0  —  ©0 
©<n©oi-p~  —  ©t 
OOroiriniiMririn 


©©'Tt^©©©©© 


(Mcoinroin'-nn 

0D^'-P)O("tU 

N-'-oorown 


©©©©©•^■^t}- 


(pncc'-tNincMOO 

©’-©CN©©©CN© 


■>j©©ocn'>-o©© 


IH'-MfO'-’-N 
©©  —  ©©'•-cn© 


^'jTfTj'jinijiin 


©©-•-r-©0©cN© 

rownmunroiin 

0--0©©©©®© 


OOO  OOOOOOOOOOOO  QOOOO  O O O O O O O O O O O O O O O O O O O 

OOO  OOOOOOOOOOOO  ooooo  o o o o o o o o o o o o o o o o o o o 

oooooooooooooododoododoododododdodoooodoooo 

iii  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i 


Is- 

© 

© 

© 

© 

© 

© 

CO 

© 

CN 

© 

o 

CO 

© 

© 

CN 

© 

© 

■7 

CN 

© 

CN 

CO 

7 

<*» 

r- 

CO 

<*-> 

7 

ID 

CN 

CO 

7 

o 

CO 

© 

© 

LD 

CN 

TO 

o 

r- 

7 

to 

CO 

© 

o 

CO 

o 

© 

"7 

© 

CO 

o 

CO 

® 

LD 

CO 

© 

■7 

•*- 

CO 

7 

© 

CO 

© 

© 

CN 

© 

© 

CN 

© 

© 

CN 

o 

o 

© 

© 

© 

© 

*7 

LD 

CO 

CN 

o 

o 

© 

© 

CO 

© 

7 

o 

CO 

ID 

CO 

© 

© 

TO 

© 

© 

CO 

CO 

a 

f- 

o 

© 

© 

© 

CO 

CO 

© 

ID 

© 

7 

P*** 

© 

© 

© 

© 

ID 

© 

ID 

LD 

© 

© 

"7 

“7 

<7 

■7 

CO 

CO 

CO 

CN 

— 

o 

ID 

ID 

<7 

7 

7 

7 

7 

ID 

© 

© 

ID 

LD 

© 

7 

7 

7 

7 

7 

7 

tDin,<3-i'-ojcct^conO©©iDincT>'>-Ocot"~i0cO'>3'OcN©Occt^i£>©ro-<-oa)CM'-Oa)®r-iPinm 

©cn  —  r-0<N©0©,'*cN-'©®r-»©TT-3-©©cN©©ro<N0r--©©-5-©  —  cncn©!-©tt©cn  —  O© 
©©©•'T©©f~©CN©©r~-t'-r,'t'~©'J©CNO©©';J'''_,;J'©©©t'~<''©©''J'©''?©©©<£l®t'~f''© 


OOO  ooooooooooooooooooooooooooooooooooooooo 

OOO  ooooooooooooooooooooooooooooooooooooooo 

inoinOOOOOOOitiOOinoooooOOOOOiruninoiPOinoooOLOOinOitiOino 


cN©i'-0000©0©t‘-0©r~ 

©©r^©000'-'--r‘ 


0©©©©©OOOOcNr-'CN©r~ocNOOO©t^O(N©t^ocN© 

C\CN©'Vlf)©®'^,ff'00'-'^’"CNC\©ro000'-'^'^’"CNCNCN 


OOOOOO0000000000000000000000000000000000000 

ooooooooooooooooooooooooooooooooooooooooooo 

inlninoOOOOOOOOOOOOOOOOOOOOiDiniriinitiininoOOOOOOOOOOO 

^VoooddddooodoooOOOOOOMMNMCMtMMNininininiriinininwininir 

CNCNCNCNCNCNCNCNCNCNCNCNeN^CN™CN™™™™CNCNICNCN(NCNCNO'C'ICNC''CNICNCNCN(NCN<Nf''CNCN<N 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


198 


CM 

cd 

o 

cr > 

r- 

rr 

o 

o 

o 

CD 

h* 

o 

CN 

r- 

in 

CD 

CD 

CD 

o 

o 

CD 

CD 

CD 

C** 

10 

CD 

**” 

CD 

© 

CD 

CO 

© 

CM 

*r— 

CO 

CD 

in 

o 

in 

CD 

CN 

CN 

CN 

CM 

CN 

CN 

CO 

© 

CO 

© 

© 

CN 

CM 

CM 

CN 

o 

© 

CD 

© 

CD 

© 

CO 

© 

© 

CO 

CO 

CO 

© 

© 

ID 

CO 

© 

© 

CD 

CO 

CO 

CO 

o 

CO 

CO 

CD 

CD 

CO 

CO 

CO 

© 

CD 

© 

© 

© 

CO 

CO 

© 

CO 

CO 

CO 

CO 

CO 

© 

CO 

i  i  i  i  i  i  i  i 


(Dff)UIOClD«C0in'-TjO(J)OO0)MDO,-O 

'TOtDOOncoitirMt’-duDOOMtuoOicO 

UKcoiiO’-'-'-’-'-'-N'JOn'-OOO'fO 

in'3-r>inmcocccococooocDcoOcoi0iDCDOiDO 

©©©©^•©©©©©©©©©eoffi©©©©© 

>  i  i  i  i  i  i  i  i  i  i 


h- 

© 

CO 

© 

— 

© 

© 

o 

o 

CD 

CO 

© 

CD 

CM 

o 

CO 

CN 

CD 

CM 

© 

© 

r* 

in 

rr 

CM 

o 

CN 

CD 

CD 

CO 

in 

CD 

CD 

n 

m 

CD 

CM 

O 

CM 

CM 

in 

o 

CD 

o 

CO 

r- 

CD 

CD 

© 

o 

CM 

CD 

in 

CD 

h' 

CD 

in 

TT 

CM 

'C 

r- 

CO 

o 

in 

o 

CN 

TT 

f**> 

CD 

CD 

<D 

CD 

CD 

(D 

GO 

0) 

C- 

© 

© 

© 

in 

in 

in 

© 

in 

rr 

CD 

© 

© 

o 

in 

in 

in 

in 

in 

in 

© 

CO 

r-* 

© 

in 

r- 

© 

CD 

*• 

CN 

CM 

- 

X- 

•’* 

- 

X- 

- 

- 

- 

- 

- 

x- 

- 

- 

6 

o 

o 

X- 

X- 

X- 

X- 

X- 

x- 

x- 

x- 

- 

X- 

X- 

x- 

X- 

— 

b 

©©©r'©©r,30©CN©r-©© 

’intv-omMnon'flrintn 

xT©©©©©©xTxjx-©©ttxt 


©(■'©xj-nO'-©©©©®  © 

©^©xTDx-t^t'-r-t-c'ir-  in 
©©©©©©cnojo©®©o© 


UMiiinnoai'-uiuiooNnffl'j 
xt-dcm-- ©['-©©©©o©©^© 
inininin^-^'irTro^’inin'-  —  co 


©©©©©©t-t--©©© 


rM©©c\iro--t^©©© 

t"0©cN©cN®©ro© 

^■©©©t'-t'-©©©^- 


cv  tp  n  o  u  xr  —  c~  ©  © 
co  —  ■»  n  to  n  o  is  o  © 
Of'-cNr~©o©r~©©© 


^•©©OJx-Oxrxg-Tj.3-^- 


cNTrcoroocN’TioOin'j 

niSOOOMSN^'JCMlS 

in'T’-ON^iiniD'jo 

■^^©©xjTjxj-'Q-xr'.a-x- 


oooooooooooooooooooo 

oooooooooooooooooooo 


oooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


ooooo  oooooooo  oooo  o 

ooooo  oooooooo  oooo  O 

0'-CN0JCN'»-0,r',"'^’_',-’_,<”',“0'^CNCN'-0CN0 

ooodooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  I  I  I 


© 

o 

CD 

© 

CM 

rr 

o 

© 

© 

•*- 

CD 

© 

in 

CO 

<3- 

o 

CD 

in 

© 

**- 

DT 

0) 

CO 

© 

o 

© 

© 

o 

CD 

© 

© 

o 

CD 

o 

CD 

© 

o 

CD 

o 

o 

CD 

CD 

CD 

© 

in 

*»- 

© 

CO 

in 

CO 

© 

O  CM  O 

CD 

© 

(D 

CD 

© 

CM 

© 

CD 

o 

CM 

’'T 

© 

in 

© 

© 

© 

© 

CO 

r- 

CD 

CD 

in 

CO 

CO 

© 

© 

© 

in 

DT 

O  S' 

CM 

r- 

TOO© 

© 

© 

© 

in 

in 

o 

'C 

in 

© 

o 

h» 

© 

in 

in 

CD 

CD 

CM 

O  x? 

*3* 

in 

in 

DT 

X- 

•’-cN'-ocnccincoco'wcncococN'- 

©xT©cN0©t^©O©©©xTO© 

xr©©©©©©xj-<g-x-co©xT©© 


^x-t-^^-x-^-x-cycNx-x-xp*^-^ 


0©t"©©x-o©t--0©  cm 
coin'j-co'—  r~ccco(T>iDaD  © 

©©©©©cncno©®©0© 


*-*"x-*-x-*-*-x-0000x- 


’-OcidHsnN'-ffiojtNOn'-'} 

in^cN'-or'-^intoiDCNOroa)© 

inininin'f’-'f^rn^iniS'-'-ro 


OOOOOOOO 

OOOOOOOO 

O©0©0©©©0 


Ot-'OcNinr-'CMf-o 

nO'-^’-'-cMCN 


OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 

oooooinoomoooooo 


000©0<n©0cm©0©©©© 
©  ©  r-  O  —  Noiwnn'jinis 


O 

O 

o 


o  o 
©  — 
—  CM 


OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 

0©0©0©©©0000000 


OcMinr-otNf'-cNOOOOinoin 

O'-'-'-cMCMCMcnmaiO'-'-cMro 


O 


O 

8 


O 

CN 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

© 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  © 

in 

in 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

r- 

r- 

h~ 

OOOOOOOOOOOOOOOOOOOcn 

CM 

CM 

CM 

CM 

CM 

CM 

in 

in 

in 

in 

© 

in 

in 

in 

<3- 

•w- 

T— 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CN 

CN 

CN 

CM 

CM 

CN 

CM 

CM 

CN 

CM 

CN 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

■ 


STRESSS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


199 


o 

— 

in 

in 

o 

in 

in 

CO 

co 

CD 

CD 

o 

o 

0) 

O 

o 

CD 

co 

in 

co 

rT 

O) 

o 

o 

o 

rr 

o 

t" 

CD 

co 

TJ- 

in 

o 

CO 

CD 

CD 

o 

CO 

CO 

in 

CO 

co 

in 

O) 

co 

CD 

CD 

0) 

CD 

CO 

co 

CD 

co 

co 

i  i  i 


CD 

CD 

CD 

CO 

CO 

o 

O 

CD 

CD 

o 

in 

CO 

CD 

h* 

CN 

in 

in 

■*- 

CO 

p* 

o 

rr 

Tt 

in 

CD 

in 

CM 

o 

rr 

ID 

cn 

CO 

o 

O 

CO 

CD 

CM 

CD 

o 

CO 

in 

in 

in 

co 

00 

o 

CD 

in 

CO 

CO 

CD 

CO 

co 

co 

CO 

co 

CO 

CO 

0) 

CO 

CO 

i  i  i  i 


CO 

CN 

r-* 

in 

CO 

o 

o 

o 

rr 

CD 

r- 

co 

o 

o 

o 

CN 

O 

r- 

r- 

o 

o 

o 

rT 

CO 

rr 

CN 

CO 

rT 

o 

o 

in 

CO 

CO 

co 

00 

CD 

co 

CD 

oi 

rr 

i  i  i 


*- 

CO 

rr 

co 

ID 

o 

in 

0) 

CD 

o 

in 

rr 

O 

CD 

o 

01 

in 

CO 

01 

C 

CO 

CO 

o 

in 

r" 

in 

CM 

r- 

CD 

ID 

CD 

o 

in 

co 

CO 

CD 

r- 

CO 

CO 

O) 

CO 

CO 

i  i  i  i  i 


in 

<7 

CN 

CD 

CO 

co 

o 

o 

0) 

CO 

CO 

rT 

o 

CO 

in 

0) 

oi 

in 

in 

0) 

CN 

to 

in 

h- 

CO 

CO 

o 

rr 

CO 

n 

in 

in 

Q) 

r- 

O 

CO 

CN 

TT 

CO 

CO 

CO 

0) 

CM 

co 

in 

CD 

CM 

co 

o 

o 

in 

CO 

01 

in 

o 

o 

in 

co 

O) 

CO 

CO 

rn 

00 

CO 

CO 

CM 

ID 

in 

CM 

CO 

CO 

CM 

CO 

co 

CO 

r- 

ID 

rT 

CM 

01 

0) 

CM 

o 

in 

co 

o 

CO 

CO 

o 

CN 

CM 

— 

- 

- 

- 

- 

- 

o 

O 

o 

o 

CN 

CN 

- 

o 

o 

o 

o 

o 

o 

•r- 

-  n  o>  o 
in  in  o  m 
m  n  n  o 

—  —  CN  CN 


CNt'-^joimr^mOiD'S-in 
oincNOoiniBcorointM 
—  'rc’iooic'ior-inr'i'T 


—  —  oir-r-in'roioo 
■^rcD-*— r~coeotc>cr>'>—  ■*- 
000)0)comrof~inr^ 


—  —  OOO  —  —  OOO 


ONBOffl’-COO’-'J^ 
r'-cocoooco'tftn  —  mt'-co 
T^ncor'inciinr-inr'i 


•'-----*-00000 


cm  f-  —  in  in  cm  •>?  o  oo  v 
oi  roncotnin'jooicffi 
—  OcNOiininininr-cNoi 

od-ooodoocM- 


CM 

rr 

co 

O) 

O) 

CO  CM 

O  in 

O  co 

01  - 

in 

0) 

in 

CO 

in 

o 

01 

01 

rT 

O  in 

CO 

in 

01 

CD 

0) 

CD 

rT 

CN  00 

in 

CD 

rr  c* 

CD 

in 

rr 

CO 

CM 

ID 

& 

oi  in 

rT  in 

rT  CO 

O  CN 

01 

in 

CM 

in 

CD 

c- 

in 

r- 

0) 

cm  in 

00 

rT 

in 

CN 

r- 

CD 

00  CM 

o  in 

rT 

O  in 

CD 

co 

in 

in 

CO 

CM 

v_ 

rT 

O  CN 

rT  CM 

O  O) 

rT  CO 

in 

CO 

m 

CM 

rT 

CD 

in 

to  co 

CO 

CM 

r- 

in 

in 

in 

m  o  oi 

CO  rj 

CM 

-  0) 

CM 

CD 

o 

o 

rr 

rT 

rT 

rr 

9 

L 

in  in 

4 

3 

4 

4 

CO 

2 

2 

CO 

3 

3 

4  . 

4 

4 

4  . 

4  . 

3 

3  . 

3  . 

4  . 

4  . 

3. 

- 

— 

Z 

0 

0 

2  . 
3  . 

4  . 

4  . 

3. 

3. 

6  . 

6  . 

800  OOOOOOOOOOOOOOOOO  OOOOOOOO 
OOOOOOOOOOOOOOOOOOO  OOOOOOOO 
o  —  CMCMO  -  —  CM  —  nCNCM^-lTOCMCMCM'TCO  —  —  O  —  CN  CN  CN  in  O  —  O 


OOOOO  OOO 

OOOOO  OOO 

O  O  w  n  in  cm  -  o  <n  —  — 


oooooooooooooooooooooooooooo 

I  I  I  I  II  I  I  I  I  I  I  I  I  I  I 


o  - 


ooooooooooooo 

I  I  I  I  I  I  I  I 


CN 

rr 

in 

01 

«*- 

O  0) 

CM 

in 

c- 

rr 

in 

O) 

rr 

ID 

rr 

O  oi 

in 

CM 

m 

o> 

rr 

CM 

CO 

in 

oo 

in 

CO 

CO 

CM 

CO 

CM 

in 

co 

01 

in 

CM 

in 

o 

in 

O) 

01 

•*- 

O  or 

r- 

01 

•r- 

rr 

in 

CN 

CM 

in 

CM 

in 

in 

CO 

o 

CO 

ID 

co 

o 

in 

CO 

CO 

in 

in 

CO 

CM 

«r- 

rr 

O  CM 

rr 

CN 

o 

01 

CO 

CM 

CO 

h* 

in 

r- 

co 

in 

CM 

rr 

co 

in 

CO 

co 

CO 

CM 

c- 

in 

CM 

in 

in  o  oi 

CM 

CO 

CM 

O) 

r- 

CO 

o 

0 

4 

rr 

rT 

rT 

f"“ 

in 

in 

in 

rT 

CO 

rT 

rr 

CO 

CM 

CM 

co 

co 

CO 

rr 

rr 

rr 

rr 

rr 

CO 

CO 

CO 

rr 

rr 

CO 

— 

- 

Z 

0 

0 

CM 

CO 

rr 

<T 

CO 

CO 

m 

in 

cNOcoinmoim  —  cdcccm 
0)ipn-o)n(^o)oco,T 
—  'toooinOMDPi's 

O  —  —  —  O  CM  CM  -  —  —  — 


cn  —  oo  —  oiOooinnm 
in  —  cMCMOiOcoinn  —  r- 
O  —  OOtO'jnoinh'c 


—  —  —  —  O  —  —  OOO  — 


cm  —  oi  co  cn  in  n  —  ci 
rooioiOinoif-meoco 
*Tcoco*icocotp  —  into 


-----00-00 


cm  cMOointn'jnOic 
oi  m  o  Mum  m  n  mi) 
—  ooiOt-inintnoicNO) 


OO--OOOOOCM- 


ooooo  o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  o 

OOOOO  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

OininininoooooooooOOininininmoooooooooooooinLninoinOinoo 


OCMC-CMC- 

r-  cm  cm  co  n 


OOOOinoOinininocMC'CMC'CMOOOOOinoinoooOOr'CMC'OcMinr^oo 

01  ID  t"-  —  CMO^iniDCOCMCMCOCOtfCOroO  -  CN  CN  in  —  oi^Ocmcocoo^^o  co 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

m 

in 

in 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

in 

in 

in 

in 

in 

in 

in 

o 

o 

in 

r- 

r- 

o 

o 

o  o 

o 

o 

O  O  O  O  O  IN 

CM 

CM 

CM 

CM 

in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

h- 

h- 

o  o 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

co 

co 

CO 

co 

co 

co 

CO 

co 

co 

co 

co 

CO 

CO 

co 

rr 

rr 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

' 


■ 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  VCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


200 


o 

ro 

CN 

o 

7 

© 

o 

o 

o 

<x> 

7 

— 

CN 

7 

o 

0) 

CN 

o 

o 

o 

r^ 

7 

ro 

CN 

o 

o 

o 

o 

© 

0) 

00 

00 

LO 

o 

LO 

© 

© 

© 

© 

*T“ 

7 

CO 

CO 

CO 

© 

<D 

© 

TT 

LO 

CD 

l  l  l 


CN 

CD 

© 

o 

cd 

CO 

CN 

«- 

o 

o 

o 

LO 

CD 

CN 

LO 

LO 

00 

t- 

© 

n 

CN 

o 

o 

LO 

LO 

CD 

- 

o 

6 

O 

C 

o 

o 

O 

o 

o 

© 

CO 

o 

CN 

o 

CN 

00 

CN 

CN 

CD 

7 

© 

© 

© 

7 

7 

© 

h* 

O  O  p~ 

7 

o 

.p-^^^QOOOOO- 


© 

o 

CN 

o 

0) 

CO 

o 

o 

o 

CO 

o 

o 

CD 

o 

© 

CO 

o 

o 

o 

LO 

LO 

o 

— 

o 

o 

— 

o 

o 

o 

CO 

CO 

o 

o 

LO 

o 

© 

CO 

o 

o 

o 

CD 

CN 

© 

0) 

CO 

© 

© 

CO 

© 

© 

© 

CD 

ro 

o 

to 

■*- 

CN 

CN 

CD 

n 

o 

ro 

CN 

o 

© 

0) 

Q) 

CD 

CO 

CO 

CD 

o 

•v- 

CD 

© 

CN 

LO 

LO 

CN 

LO 

7 

CN 

0) 

CD 

o 

o 

o 

o 

o 

- 

T-’ 

■*— 

•d 

d 

o 

© 

CN 

CN 

© 

o 

CN 

CD 

CN 

7 

CN 

r- 

CD 

o 

CN 

n 

CD 

CN 

o 

o 

LO 

10 

7 

7 

n 

CN 

o 

— 

— 

o  o 

T- 

<*— 

■r- 

o 

CD 

o 

o 

© 

ID 

o 

o 

CO 

o 

© 

o 

CD 

o 

o 

© 

CN 

o 

o 

LO 

o 

© 

0) 

o 

o 

© 

h* 

o 

o 

LO 

o 

o 

CO 

CO 

© 

© 

o 

O 

o 

o 

CD 

o 

© 

7 

rr 

© 

h- 

© 

© 

© 

© 

t  I  t 


© 

© 

7 

—  CO 

CD 

LO 

CD 

CO 

o 

© 

7 

cn 

CD 

O 

C 

© 

o 

o 

CD 

CD  CD 

CD 

LO 

LO 

o 

o 

o 

o 

o 

d  d 

C 

«r-’ 

© 

© 

7 

LO 

CD 

CN 

LO 

T- 

© 

7 

© 

CD 

LO 

CD 

7 

CD 

O  O  r- 

LO 

CN 

CN 

10 

10 

OOOOOO-  —  OOO 


7 

© 

O 

o 

o 

o 

CD 

CN 

CN 

CD 

CN 

o 

o 

o 

CN 

CD 

7 

LO 

r- 

ro 

7 

© 

o 

o 

r- 

7 

CD 

CN 

CD 

<r" 

CD 

r- 

o 

o 

CO 

CO 

CO 

CO 

r- 

CD 

CO 

p- 

© 

© 

CO 

CO 

CO 

CO 

CD 

CO 

I  I 


© 

CD 

o 

o 

CD 

LO 

CD 

o 

CO 

© 

o 

CD 

© 

© 

CD 

CN 

CD 

CD 

ro 

© 

© 

© 

CN 

CD 

r- 

© 

7 

© 

■r-' 

— 

o 

o 

CN 

T-’ 

d 

T-" 

t** 

CO 

7 

o 

CN 

o 

© 

CD 

7 

o 

CD 

ro 

o 

7 

LO 

LO 

© 

© 

© 

CD 

o 

0 

o. 

0. 

2 

•r- 

0. 

0. 

t  t~~  ©  cm  ©  ©  cn^o 

cn  t  cv  o  O  oo  ©  i-  cn 

notD'-CM^oOooinn 

inintNOi-cMOO^’-N 


W'-»-co'ji£iipcj)<NOin 

'iiDOintoiieoonioo 

ninroMPicnomO'j 


cm  <?  n  o  oi 


in  m  ©  ©  ■•s-  ©  tj  © 

p*  ^  O  O  ©  t  ©  ©  © 

^tcoooOcn©©©©© 


©©©■'3-r^©©©0©,'j 

cNcncNior^cn'-n'^'ryr^ 

©©-•-••-©©•■-©Tt©© 

©cncn’-©©©«3-©©© 


O  O  O  O  O 

O  O  O  O  O 

'-’-’“OCN*" 

oooooo 


OOQ 

'  o 

o 

o  o 

o  c 

5  0  0  c 

o  o  o 

I  o 

o 

o  o 

o  c 

5  0  0  C 

o 

o 


o  o  o 
o  o  o 


oooooo 

oooooo 


ooooooooooooooooooooooooooooooooooo 

111  III  I  I  I  I 


OOw^)tf)nO'”O0ii*-OOO'*'finMOOwPiOOi£>O,‘WinOO,,',',-,-O'J^ 


o  o 

1 


7 

CN 

10 

© 

CN 

© 

© 

CD 

CO 

f* 

eD 

CD 

© 

CN 

LO 

© 

CN 

7 

CN 

CO 

CO 

7 

CO 

a 

© 

© 

LO 

© 

© 

CO 

o 

CD 

LO 

CD 

o 

© 

— 

— 

— 

o 

o 

CO 

— 

o 

CN 

LO 

CO 

LO 

© 

CD 

o 

LO 

o 

CN 

LO 

© 

CN 

CN 

-i- 

CN 

o 

d 

CN 

CN 

*- 

T” 

CD 

CD 

CN 

© 

© 

r- 

© 

CD 

O 

r- 

CD 

CO 

«3* 

LO 

O 

CD 

CD 

© 

h“ 

© 

CD 

o 

h* 

CD 

CD 

CO 

LO 

T— 

CD 

CN 

© 

© 

CD 

CD 

CN 

o 

© 

.0 

.0 

© 

© 

© 

© 

LO 

LO 

CO 

CD 

CD 

CD 

— 

CO 

o 

CO 

ro 

■>- 

-r- 

0 

0 

T- 

■r- 

z 

3 

3 

3 

2  . 

CN 

6  . 

IO 

5  . 

4  . 

3. 

3. 

3. 

ON  T-  ©  CN  O  © 

(N  ©  CN  ©  ©  ■5J 

t»  ©  ^  T  r~  t"  O 


rf  n  M  O  w  O  in 

O  ©  ©  ©  T  cm  p- 

bcowOomu 


n  in  n  w  -  m  oo 
in  O  cm  ©  ©  n 

CN  ©  •<*  T  ©  CN 


CN  —  ©  ©  © 

O  ©  n  ©  — 

oisoOOMcn 


CN  CN  --  O  ©  P~  © 
P~  ©  ©  CN  -*  © 
cn  ©  ©  ©  ©  p~  © 


■>3-CN©©CN©CNO 

®O^T©©©CNO 

©CNl'-©©©©© 


■^,r-’^'r-000000'--^’“00-^““’-'-’-’-’-000000’-’“0000000W’-’-'-000 


ooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooooooo 

oooooinooinoooininininoooooooinooinoooin 


oooooo  oooooo 
oooooo  oooooo 
Oinoinooooooooo 


00©0©t'-0©P-0©©cNt^t'- 

©t^cN©©©*?'?'?©©©©©^ 


CNOOOOOOint-Oint^ 

©©©0'-cn©©©'>?^ttt 


OifiOPOninpOOOOOOinOin 
©©©©pt's-tt©^  in  ©  « —  ©  ■»© 


O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C5 

o 

o 

o 

o 

o 

o 

a 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

LO 

LO 

© 

LO 

o 

o 

o 

o 

o 

a 

o 

o 

o 

a 

o 

o 

o 

o 

LO 

LO 

LO 

LO 

LO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o  o 

o 

o  o 

o 

o  o 

o  o 

CN 

CN 

CN 

CN 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

10 

r- 

r- 

00 

LO 

o  o  o  o  o  o  o 

"7 

*7 

*7 

^7 

•<7 

^7 

*7 

^7 

^7 

*7- 

^7 

*7 

^7 

<7 

*7 

^7 

•D- 

■<7 

^7 

Tf 

=7 

<7 

•T- 

7- 

•7 

7 

7 

7 

7 

7 

7 

7 

LO 

LO 

LO 

LO 

LO 

LO 

LO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CJ 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

.255  1.809  -83.614 


. 


' 


' 


STRESS  DATA  :  CONFIGURATION  4  cont. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


201 


CO 

in 

CD 

o 

o 

o 

in 

-'T 

CD 

ID 

CD 

CD 

o 

o 

CN 

o 

cn 

CD 

o 

o 

o 

r- 

o 

ID 

in 

o 

in 

00 

CD 

CD 

CO 

00 

cn 

CO 

CO 

i  i  i  i 


in 

CN 

CD 

in 

o 

CN 

CN 

3 

cn 

in 

o 

ID 

<D 

cn 

CO 

CD 

CD 

ID 

O 

3 

CD 

in 

cn 

0) 

CO 

CO 

in 

CN 

6 

r- 

CN 

CD 

co 

co 

CD 

co 

CD 

co 

CO 

CO 

00 

i  i  i 


in 

3 

CD 

3 

CO 

in 

o 

o 

o 

in 

(D 

O) 

00 

0) 

o 

o 

o 

in 

r* 

in 

co 

CN 

CD 

o 

o 

o 

CD 

00 

CO 

CO 

CO 

in 

o 

o 

o 

00 

CO 

CO 

CO 

CO 

CD 

0) 

cn 

cn 

i 


o 

o 

o 

00 

r- 

CO 

CN 

CD 

o 

o 

o 

0) 

00 

CD 

in 

CO 

in 

o 

o 

o 

O 

0) 

CD 

CD 

h- 

o 

o 

in 

00 

00 

r- 

in 

in 

r- 

CT> 

cn 

CO 

CO 

co 

CD 

CO 

co 

iDm-rnooO'- 

r~r~'-rrOOOcn 

'JMP^OOO® 

MDC0OOOO05 

cococoooctioocdoo 


ID 

3 

co 

in 

cn 

CD 

3 

in 

in 

CD 

CD 

P- 

r- 

o 

in 

3 

0) 

CO 

in 

CD 

in 

CD 

0) 

CN 

CO 

3 

ID 

3 

r-* 

r* 

CN 

co 

CO 

CD 

0) 

CD 

** 

o 

in 

CN 

CN 

CD 

3 

CN 

o 

cn 

00 

CO 

o 

— 

o 

o 

CN 

CN 

o 

CD 

in 

o 

in 

o 

in 

cn 

CD 

in 

CN 

CO 

ID 

00 

o 

o 

r- 

CO 

h- 

CO 

CO 

cn 

cn 

cn 

cn 

o 

CN 

CO 

h- 

CO 

3 

CD 

3 

CD 

oo 

CD 

CO 

in 

CO 

.0 

in 

- 

- 

- 

o 

0 

0 

0 

0. 

«r“- 

- 

- 

- 

- 

- 

z 

2  . 

•r- 

0. 

o. 

cm  cm  ■3 
co  in 
id  ,3  *- 

O  CM  CN 


CO 

c- 

CD 

3 

CN 

cn 

CO 

CD 

*- 

in 

3 

CD 

O 

CN 

CO 

0) 

"3 

in 

CD 

CD 

3 

co 

3 

in 

CO 

00 

O 

0) 

O  -3 

CO 

CO 

CN 

O 

00 

CO 

r- 

O 

O 

d 

o 

d 

O  d 

- 

■v- 

o 

O 

o 

G) 

<*- 

CO 

0) 

in 

O 

O) 

o 

CO 

CD 

”3 

CN 

0) 

r- 

cn 

in 

CN 

in 

co 

CD 

cn 

CD 

CD 

CD 

0) 

<3 

cn 

cn 

CN 

0) 

(D 

in 

cn 

CO 

in 

CO 

o 

O 

O 

o 

O 

CN 

^r- 

d 

- 

o 

O 

O 

o 

O 

o 

o 

■»“ 

cn 

h* 

in 

CO 

CO 

r- 

cn 

ID 

00 

CN 

CN 

■*- 

CN 

CN 

CO 

in 

ID 

in 

CD  O 

cn 

CD 

*•- 

CO 

m 

3 

CO 

CN 

o 

O 

o 

CN 

cn  r- 

co 

r- 

CD 

CO 

c 

- 

d 

CN 

d 

o 

O 

C 

CN 

CN 

ID 

CN 

3 

o 

CN 

o 

3 

o 

(D 

CO 

CO 

CO 

CN 

m 

CD 

CD 

3 

CO 

•*- 

CO 

o 

CO 

in 

cn 

to 

80 

o 

o 

r- 

<*•» 

CN 

CN 

ID 

CO 

o 

CD 

in 

CO 

in 

o 

in 

CN 

co 

m 

CO 

CO 

CD 

ID 

in 

in 

00 

ID 

CO 

o 

CN 

CN 

CN 

CN 

CN 

o 

o 

"3 

3 

co 

co 

CO 

CO 

cn 

CO 

CN 

CN 

CN 

CN 

ID 

(D 

in 

cn 

CO 

o 

CO 

ID 

3 

CN 

CO 

ID 

O  3 

r- 

cn 

CN 

o 

cn 

cn 

CD 

CO 

CD 

in 

CN 

CD 

*■* 

CN 

3 

CD 

00 

CD 

<3 

r- 

cn 

O 

CO 

in 

00 

CN 

co 

CO 

O) 

CD 

CN 

CO 

r- 

«r» 

in  o  id 

3 

00 

ID 

CD 

CO 

cn 

CO 

oo 

CO 

o 

CN 

CO 

3 

CO 

CO 

CN 

- 

0 

o 

4 

3 

*<3 

CO 

CO 

CO 

CO 

ID 

CD 

in 

CN 

CN 

CN 

r- 

CD 

OOOO  O O O O O O O O Q O O O O O O O O  OOOOOOOOOO  OO 

oooo  6°5°5ooo5oooooooo  oooooooooo  oo 

inn*-’-00'"'r''iMr)'T7’'nn'-'-"-'-"-i-cM000000'"'‘’'NCM'-'-'-'-'-000'"'’ 


ooooooooooooooooo 

I  I  I  (  I  I 


ooooooooooooooooooooooooooo 

I  I  I  I  I  I  I  I  I  t  III 


CN 

■*3 

CN 

CM  <3 

O  cn 

CD 

cn 

CN 

<3 

CD 

cn 

CD 

cn 

in 

*3 

CO 

CD 

CO 

o 

CO 

CD 

^3 

CN  O  CO 

ID 

cn 

CN 

in 

CO 

CO 

CD 

CD 

CD 

O) 

CN 

O  CD  o  CN 

in 

<n 

V* 

*3 

O  co 

CD 

■*•> 

ID 

CO 

O  CN 

^3 

CN 

^3 

CD 

co  m 

«f» 

CO 

in 

CO 

O  CM 

3 

CO 

v— 

m 

CD 

in 

CO 

in  o  in 

CN 

co 

.  5 

CN 

CO 

in 

ID 

CT) 

CO 

CO 

ID 

CO 

O  CN 

cn 

CD 

CN 

CO 

in  o  id 

CO 

CD 

CD 

CO 

cn 

CO 

CO 

CN 

CN 

CN 

CN 

0 

0 

4 

CO 

CO 

CO 

CO 

co 

CO 

CN 

CN 

CN 

CN 

<D 

CD 

in 

*3 

CO 

CO 

CN 

>- 

0. 
0 
4  . 

^3 

=3 

co 

CO 

CO 

CO 

ID 

CD 

in 

CN 

co  f»  n 

CM  CO  ■>- 
CO  o  CN 


CO 

co 

CO 

ID 


r-  in  co  cn  cm  cm'- 

in  co  o)  cn  in  id 

'Teooeo  —  oo-co 


O  co  r-  in  <3  oo  id 

r~  c>  co  O)  O  in  co 

co  cm  o  co  cn  c-  in 


o-  id  n  —  c-  co  cm 

--  cn  id  co  m  co  cn 

co  cn  cn  cm  cn  id  in 


ID  O  CO  ID  O  CM 

O  id  id  r-~  co  cn 
O  co  c~  in  co  *-  O 


o  cm  *-  O  co  t-~  in 

*-  cm  co  o-  o  in  id 

in  o-  co  cm  o  O  O 


cotnoiDcocMocn 

inco-^-cniDi^»-co 

CNmr-cor^iDCOO 


O  O  -  O  O  O 


OOOOOOOcM'---'--000000 


CN'-’-OOOWW 


oooooooooooooooooo  ooooooooooooooooo  ooooo  o 
oooooooooooooooooo  ooooooooooooooooo  ooooo  o 
oooooooooooooooooooooooooooooooooooooooooooo 


c 

in 

o 

in 

O 

o 

o 

O 

o 

o 

o 

o 

O 

in 

o 

in 

o 

in 

o  o 

O 

O 

in 

o 

o 

C 

O 

o 

o 

o 

o 

O 

o 

o 

C 

C 

o  o 

o 

o 

o 

in 

c  o 

in 

in 

CD 

CD 

o 

CO 

O) 

o 

■»“ 

CN 

CO 

3 

3 

in 

in 

CD 

CD 

CO 

CD 

3 

in 

CO 

**“ 

3 

o 

CO 

cn 

O 

■*“ 

CN 

CO 

3 

CO 

ID 

CD 

CO 

o 

CO 

CN 

cn 

"T- 

T— 

•*- 

«r~ 

CN 

CN 

CN 

cn 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

p, 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

o 

CO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

P 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O  O  O  O  O  in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

CD 

3 

o  o  o  o  o  o 

O  O  O  O  O  in 

in 

in 

in 

in 

in 

in 

O  O  O  O  O  in 

o 

o 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

in 

<D 

<D 

ID 

<D 

ID 

ID 

ID 

ID 

ID 

ID 

CD 

ID 

CD 

CD 

(D 

CD 

CD 

CD 

r- 

CT) 

0) 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

(N 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

88.682 


. 


STRESS  DATA  :  CONFIGURATION  $  CONT. 

XCOORD  YCOORD  SIGX  SIGY  SIGXY  SIG1  SIG3  TAU  THETA 


202 


CO 

CD 

r- 

0 

0 

O 

O 

O 

0 

0 

CO 

CN 

cd 

0 

0 

O 

O 

O 

0 

CT) 

CN 

CD 

0 

0 

O 

O 

O 

0 

CT 

CO 

CO 

0 

0 

O 

d 

d 

in 

00 

CD 

CO 

CO 

CT) 

CT) 

CT) 

CT) 

0) 

33 

CO 

OOOOOOOOOOOOOOOOOO 

oooooooooooooooooo 

OOOOOOOOOOOOOOOOOO 

SS22°inC)(-)OOOC>inC,irooo 


oooooooo 

oooooooo 

oooooooo 

oomooooo 


o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

in  o  O  O  o 

-3  0)  CT)  CT)  CT) 


o 

o 

o 

o 

O) 


<D 

CO 

0 

CO 

O  in  0  in  n- 

CO 

3- 

in  0  in  ct- 

O 

CD 

CD 

CD 

0) 

0 

co  co  CT)  CT)  in 

CD  CT)  CT)  u> 

0 

CO 

id 

CD 

ct-  in  CT)  —  0  CN 

in  cn  —  0  in 

in 

CT) 

3- 

3- 

O  O  O  O  O  CN 

O  O  O  O  CN 

CN 

— 

O 

O 

ID 

ID 

r- 

0 

CD 

0 

CD 

0 

CD 

CD 

CD 

CD 

CO 

CN 

f"* 

Lf) 

CO 

CN 

r- 

3— 

IT) 

CO 

CN 

if) 

CD 

0 

0 

CN 

0 

in 

0 

r* 

CN 

ID 

0 

0 

0 

0 

0 

CN 

CN 

- 

- 

0 

0 

CN 

CN 

- 

- 

0 

0 

CN 

CN 

— 

d 

0 

(MfflDMeoip'jcM 
IDCC  —  33(X>r»cOCT) 
CT-3rcNOCT-inCT)  — 

—  —  —  —  O  O  O  O 


O  n  in  ic  ij  t\  co 

CN  CT-  CN  CT-  CO  CT)  ct 

—  in  —  mo  —  ©in 

cm- - OOOOCM 


CT)  —  O  *3  CN  CN  CN 

cm  co  co  co  0)  O)  33 
CT)-3CT)0  —  ©—  Oct 


—  —  OOOOOOcn 


-3-  in  CT  CO  CN  "3  LO 

CT)  -3  CD  -3  -3  CT)  -3 

—  iDOinot--  —  © 

CN  —  —  OOtNCM- 


ct  co  cn  -3  in  ct  co 

CT)  -3  -3  CT)  -3  CT)  33 

O  in  o  ct  —  in  o  in  o 

—  OOCNCN  -  —  OO 


in-3-3CT)00U3-3CN  33  o  CO  1 0-3 

incNCT)incN-3iX)co  n  r»  o  3  in 

inCTOCNOCT-  in0ti>033CT  — 

invnnN’-’-oominn--’- 


CN  W  o  B  in  3  (N  CN  o  co  id 

CO  —  in  CO  CN  ID  CO  CO  ---3C0 

m  o  ct  —  -3  ®  —  in  o  in  o  n  in  0) 


OOMn3M«-oooOeoi®3 


-3  CN  OC0CD-3CN  O  CO  CD  -3  CN 

CMlC  —  -3  CO  CN  CD  —  -3  CD  CN  ID 

OlDOOlDCT)O(D0niD0)O(DO 

cn  —  o®B3n'-o®in3C')  -  o 


O  O  O  o 

O  O  O  O 

---OOOOOO—OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooooooooodooooooooooooooooooooooooooooooo 

11,11  III  I  II  I  I  I  I  I  I  I  I  I 


CN  —  OCT)C0in>33CN  CN  o  CO  CD  3  CN  CN  O  CO  ID  -3  CN  CN  O  CD  CD  ^  CN  O  tt>  ID  -3  CN  OC0C0-3CN 

iniNC)incN3inco  n  r»  o  3  in  ®  —  in  co  cn  id  co  cc  -  3  to  cm  in  —  -3  co  cn  id  —  33  co  cn  id 

inr-aicNOCT  —  mo<D03TCT  —  inOCT  —  33®  —  inoinooiDCT>oiDOoiDCT)otDOoiDCT>niDO 


id33c*)CT5cn  —  —  o  o  id  in  ®  —  —  o  o  ct  id  -3  cn  —  OOOOcoin3n  -  o  ®  id  n  —  o  ro  id  -3  ®  —  o 


in  —  CTCN®ID-3CN  CN  CT)  in  CO  -3  CN  CO  CT)  —  CT)  33  CN  CN  CN  33  LT)  CT  ®  CN'3-inr'CO  CN  -3  in  CT  ® 

ID  CT)  —  3  m  MD  0)  CN  CT  CN  CT  ®  O)  CT  CN  ®  ®  ®  CT)  CT)  3  0)  3  CT)  3  3  O)  3  O)  3  3  0)  3  O)  3 

t^3C\ior~inCT)  —  o  —  in  —  mo  —  Oino3ron  -  o  —  On-  —  id  o  in  o  ct  —  m  om  On  -  in  o  in  o 


—  —  —  —  OOOOOcn  —  —  OOOOcn  —  —  OOOOOOcncn  —  —  OOcncn  —  —  OOcncn  —  —  OO 


o o o o o o o o o o o o o o o o  oooooooo  ooooo  ooooo  ooooo 

o o o o o o o o o o o o o 5 o o  oooooooo  ooooo  ooooo  ooooo 

ooooooooooooooooooooooooooooooooooooooooooo 

ooodoododdoooodododdooooodooododooddodoodoo 

n>0)CNineo  —  -3p~OCT)CT)in  —  -3r-o  idcn®33CTOcto  in  cm  co  3  o  in  cn  <o  3  o  in  cm  10  3  o 

—  —  —  CN  CN  CN  CT)  —  CN  CN  CN  CT)  —  —  CN  CN  CT)  CN  CT)  —  —  CN  CT)  —  —  CN  CT)  —  —  CN  CT) 


OOOOOOOOOOOOOO 

OOOOOOOOOOOOOO 

OOOOOOOOOOOOOO 


OOOOOOOOOOOOOO 

oct)CT)CT)CT)oct)0)CT)cncncncncn 

CNCNCNCNCNCNCNCNCNCT)CT)CT)CT)CT) 


OOOOOOOOOOOOOO 

OOOOOOOOOOOOOO 

OOOOOOOOOOOOOO 


OOOOOOOOOOOOOO 

cNCNinininininininmro  —  —  — 

OCT)CT)CT)CT)CT)CT)CT)CT)CT)CT)3333 


OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOO 


OOOOOOOOOOOOOOO 
—  —  —  ctctctctctctoooooo 
33  33  33  -3  33  -3  33  333-inininininin 


45  . 


■ 


